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iDDiTIONS AND COERECTIONS 


TO THE SIXTH EDITION. 


¥umeeous small corrections have been made in the last and 
present editions on various subjects, according as the evidence 
lias become some^vhat stronger or weaker. The more important 
corrections and some additions in the present volume are tabu- 
lated below, for the convenience of those interested in the sub- 
ject, and who possess the fifth edition. The second edition was 
little more than a reprint of the first. The third edition vas 
largely corrected and added to, and the fourth and fifth still more 
largely. As copies of the present work will be sent abroad, it 
may be of use if I specify the state of the foreign editions. The 
third French and second German editions were from the third 
English, with some few of the additions given in the fourth edition. 
A new fourth French edition has been translated by Colonel 
Moulinie ; of which the first half is from the fifth English, and 
the latter half from the present edition. A third German edition, 
under the superintendence of Professor Victor Carus, was from 
the fourth English edition; a fifth, by the same author, from the 
sixth edition. The second American edition was from the English 
second, with a few of the additions given in the third; and a 
third American edition has been piinted from the fifth English 
edition. The Italian is from the thinl, the Dutch and three 
Eussian editions from the second English edition, and the 
Swedish from the fifth English edition. 
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Vertebrates. 

Claparede on the analogical resemblance of the hair-edaspers 
of the Acaridio, 

The probable use of the rattle to the Eattle-snake. 

Helmholtz on the imperfection of the human eye. 

The first part of this new chapter consists of portions, in a 
much modified state, taken from chap. iv. of the former 
editions. The latter and larger part is new, and relates 
chiefly to the supposed incorapetency of natural selection 
to account for tho incipient stages* of useful stiuctures. 
There is also a discussion on the causes which prevent in 
many cases the acquisition through natural selection of 
useful structures. Lastly, reasons are given for disbelieving 
in great and sudden modifications. Gradations of character, 
often accompanied by changes of function, are likewise 
here incidentally considered. 

The statement mth respect to young cuckoos ejecting their 
foster-brothers confirmed. 

On the cuckoo-like habits of the Molothriis. 

On fertile hybrid moths. 

The discussion on the fertility of hybrids not iiaung been 
acquired through natural selection condensed and modified. 

On the causes of sterility of hybrids, added to and corrected. 
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Natural selection not the exclusive agency in the modification 
of species, as always maintained in this work. 

The belief in tbe separate creation of species generally held 
by naturalists, until a recent period. 
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Dai win's Ori^n of BpSiies" has mw passed out of 
fop^rlght. 

It should^ kweves, he dearly understood that the edition 
which thus loses its legal protection is the imperfect edition 
which the author subsequently revised^ and which was 
accordingly superseded. The complete and authorized 
edition of the work will not lose copyright for some years. 

The only complete editions authorized by Mr. Darwin 
and his representatives are these published by Mr. Murray, 
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But wiili regard to tlio material wt>iid, we cas at Icabt go 
w Ur as this— we eaa perceive that events are brought about 
not by insulated interpositions of Bhine power, exerted in each 
particJilar case, but by tbe establishment of general laws.” 

IiVkewell : Bridgcuatcr Treatise. 

The only distinct meaning of the word ‘ natural * is stated, 
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To conclude, therefore, let no man out of a weak conceit 
of sobiiety, or an ill-applied moderation, think or maintain, 
that a man can search too far or be too well studied in the 
book of God’s word, or in the book of God’s works ; divinity or 
philosophy ; but rather let men endeavour an endless progress 
or proficience m both.” 
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AX HISTORICAL SKETCH 

OF THF I'KOOKKSS OP OPXSIOJT OK THE OPJGIN OP SPECIES, 


PKFVIOFbLA' TO THB rLULICATIOX OF THE riUsT EDITION 
OF THIS WTilC. 


I WILL liere give a brief sketcli of tlie progress of opinion on tlie 
Origin of Species. Until recently tlie great majority of natural- 
ists believed that species were immutable productions, and had 
been separately created. This view has been ably maintained by 
many authors. Some few naturalists, on the other hand, ha^'e 
believed that species undergo modification, and that the existing 
forms of life are the descendants by true genemtion of pre-exist- 
ing forms. Passing over allusions to the subject in the classical 
writers, the first author who in modern times has treated it in a 
scientific spirit was Buffon. But as his opinions fiuctuated greatly 
at different periods, and as he does not enter on the causes or 
means of the transformation of species, I need not here enter on 
details. 

Lamarck was the first man whose conclusions on the subject 
excited much attention. This justly-celebrated naturalist first 

Aristotle, in liis ‘Physicie Anscultationes * (lib. 2, cap. 8, s. 2), after 
reinarMug that rain does not fall in order to make tlie com grow, any more 
than it fails to spoil the farmer’s com when threshed out of doors, applies the 
same argument to organisation; and adds (as translated by Mr. Clair Grece, 
who first pointed out the passage to me), “ So what hinders the difierent parts 
[of the body] from having this merely accidental relation in nature ? as the 
teeth, for example, grow by necessity, the front ones sharp, adapted for dividing, 
and the grinders flat, and serviceable for masticating the food ; since they were 
not made for the sake of this, but it was the result of accident. And in like 
manner as to the other parts in which there appears to exist an adaptation to 
an end. Wheresoever, therefore, all things together (that is all the parts of 
one whole) happened like as if th% were made for the sake of something, these 
were preserved, having been appropriately constituted by an internal sponta- 
neity ; and whatsoever things were not thus constitutea, perished, and still 
pensh.” We here see the principle of natural selection shadowed forth, but 
how Me Aristotle fully comprehended the principle, is shown by his ipsarte 

the formation of tile teeth. 
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piiblislied Ms views in 1801 ; he much enlarged them in 1809 in 
his ‘PMlosopMe Zoologique,’ and subsequently, in 1815, in the 
Introduction to his ‘ Hist Hat. des Animaux sans Vertebres.’ In 
these works he upholds the doctrine that species, including man, 
are descended from other species. He first did the emiiient service 
of arousing attention to tne probability of all change in the organic, 
as well as in the inorganic world, being the result of law, and not 
of miraculous interposition. Lamarck seems to have been cliiefiy 
led to his conclusion on the gradual change of species, by the diffi- 
culty of distinguishing species and varieties, by the almost perfect 
gradation of fomis in certain groups, and by the analogy of 
domestic productions. With respect to the means of modification, 
he attributed something to the direct action of the physical condi- 
tions of life, something to the crossing of already existing forms, 
and much to u.se and disuse, that is, to the effects of habit. To 
this latter agency he seems to attribute all the beautiful adapta- 
tions in nature such as the long neck of the giraffe for browsing 
on the branches of trees. But he likewise believed in a law’ of 
progressive development; and as all the forms of life thus tend to 
progress, in order to account for the existence at the present day 
of simple i)roductions, he maintains that such forms are no^v 
spontaneously generated.* 

Ueoffroy Saint-Hilaire, as is stated in his ‘ Life,’ wTitten by his 
son, suspected, as early as 1795, that what "we call si>ecies are various 
degenerations of the same type. It -was not until 1828 that he 
published his conviction that the same forms have not been per- 
petuated since the origin of all things. Geoffroy seems to have 
relied chiefly on the conditions of life, or the ^^monde amhiant ” as 
the cause of change. He was cautious in drawing conclusions, and 
did not believe that existing species are now undergoing modifica- 
tion ; and, as Ms son adds, “ C’est done un problfeine h reserver 


* I have taken the date of the first ptihlication of Lamarck from Isid. 
Geofiroy Saint-Hiiaire'’s (‘Hist. Nat. G^n^rale,’' tom. ii. p. 405, 1850) 
excellent hi^tor}' of opinion on this subject. In this W’ork a full account is 
gi-i’en of Bnifoh’s condnsions o:^the same subject. It is curious how largely 


According to Isid. GeofEcoy there is no douHt that Goethe was 
an extreme partisan of similar views, as shown in the Introduction to a work 
wittea ia 1794 and 1795, but not published till long afterwards: he has 
pointedly remarked (‘ Goethe als Naturforseher,* voa Br, Karl Mediag, s. 34) 
that the fature quMtion for natoralists will be how, for instance, cattle got 
their horns, and not for what they are used. It is rather a singular instance 
of the nianaer in which similar views arise at about the same time, that Goethe 
in Germany, Br. Bardin in England, and Geoffroy Saint-Hilaire (as we shall 
immediately see) in Prance, came to the same conclusion on the origin of 
Species, in the years 1794-4, 
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eiitierement a Favenir, suppose nieme qiie Favenir cloive avoir 
jjrise sur lui.” 

In 1813, Dr. W. C. Wells read before tiie Boyai Society ‘An 
Account of a TOiite feinaie, part of wliose skin resembles that oi‘ 
a ^egro ’ ; but Ms paper was not published iiiitii liis famous ‘ Tv/o 
Essays upon Dew and Single Vision^ appeared in 1818. In this 
ijaper lie distinctly recognises the principle of natural selection, 
and this is the first recognition which lias been indicated ; but lie 
applies it only to the races of man, and to certain characters alone. 
After remarking that negroes and mulattoes enjoy an immunity 
from certain troiical diseases, he observes, firstly, that all animals 
tend to vary in some degree, and, secondly, that agriculturists 
improve their domesticated animals by selection; and then, he 
adds, but what is done in this latter case “ by art, seems to be 
done vith equal efficacy, though more slowly, by nature, in the 
formation of varieties of mankind, fitted for the country which 
they inhabit. Of the accidental varieties of man, which would 
occur among the first few and scattered inhabitants of the middle 
regions of Africa, some one would be better fitted than the others 
to bear the diseases of the country. This race would consequently 
multiply, while the others would decrease; not only from their 
inability to sustain the attacks of disease, but from their incapa- 
city of contending with their more vigorous neighbours. The 
colour of this vigorous race I take for granted, from -what has 
been already said, would be dark. But the same disposition to 
form varieties still existing, a darker and a darker race would in 
the course of time occur ; and as the darkest would be the best 
fitted for the climate, this would at length become the most pre- 
valent, if not the only race, in the particular country in which it 
had originated,” He then extends these same views to the white 
inhabitants of colder climates. I am indebted to Mr. Eowley, of 
the United States, for having called my attention, through Mr. 
Brace, to the above passage in Dr. Wells’ work. 

The Hon. and Bev. W. Herbert, aftens^ards Dean of Manchester, 
in the fourth volume of the * Horticultural Transactions,’ 1822, and 
in his work on the ‘Amaryliidaceae’ (1837, pp. 19, 339), declares 
that “horticultural experiments have established, beyond the pos- 
sibility of refutation, that botanical species are only a higher and 
more permanent class of varieties.” He extends the same view to 
animals. The Dean believes that single species of each genus 
were created in an originally highly plastic condition, and that 
these have produced, chiefly by intercrossing, but likewise by 
variation, all our existing species. 

In 1826 Professor Grant, in the concluding paragraph in his 
well-kn6wn paper (‘Edinburgh Philosophical Journal/ vol xiv. 
p. 283) m the 3pongilla, clearly declares Ms belief that species are 
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descended from other species, and that they become improved in 
the course of modification. This same view was given in his 55th 
Lecture, published in the ‘ Lancet’ in 1834. 

In 1831 Mr. Patrick Matthew published his work on ‘Kavai 
Timber and Arboriculture/ in which he gives precisely the same 
view on the origin of species as that (presently to be alluded to) 
propounded by Mr, Wallace and myself in the ^Linnean Journal/ 
and as that enlarged in the present volume. Unfortunately the 
view was given by Mr. Matthew very briefly in scattered passages 
in an Appendix to a work on a different subject, so that it remained 
unnoticed until Mr. Matthew himself drew attention to it in the 
* Gardeners Chronicle,’ on April 7th, 1860. The difierences of Mr. 
Matthew’s view from mine are not of much importance : he seems 
to consider that the world was nearly depopulated at successive 
periodvS, and then re-stocked; and he gives as an alternative, that 
new forms may be generated “ without the presence of any mould 
or germ of former aggregates.” I am not sure that I understand 
some passages ; but it seems that he attributes much influence to 
the direct action of the conditions of life. He clearly saw, however, 
the Ml force of the principle of natural selection. 

The celebrated geologist and naturalist, Von Buch, in his excel- 
lent ‘Description Physique des Isles Canaries’ (1836, p. 147), 
clearly expresses his belief that varieties slowly become changed 
into ijcmiauent species, which are no longer capable of inter- 
crossing. 

Raflnesque, in his ‘New Flora of North America,’ published 
in 1836, wrote (p. 6) as follows: — “All species might have been 
varieties once, and many varieties are gradually becoming species 
by assuming constant and peculiar characters ; ” but farther on 
(p. 18) he adds, “except the original types or ancestors of the 
genus.” 

In lS43'-44 Professor Haldeman (‘ Boston Journal of Nat. Hist. 
IT. States,’ vol, iv. p. 468) has ably given the arguments for and 
against the hypothesis of the development and modification of 
species : he seems to lean towards the side of change. 

The ‘Vestiges of Creation’ appeared in 1844. In the tenth and 
much improved edition (1853) the anonymous author says(p. 155):— 
“ The proposition determined on after much consideration is, that 
the several series of animated beings, from the simplest and oldest 
up to the highest and most recent, are, under the providence of 
God, the results, of an impulse which has been imparted to 
the forms of life, advancing them, in definite times, by generation, 
through grades of organisation teminating in the highest dicoty- 
ledons and vertebrata, these grades being few in number, and 
generally marked by intervals of or^nic character, which we find 
to be a practical difficulty in ascertaining affinities; wwid, of 
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uLutliei* impuLe cmiiiecled with the vital foree^;, Li ths 

roiiFfte of generations, to modify organic structures in accordance 
with external circumstances, as food, the nature of the iialutat, 
and the meteoric agencies, these being the ‘ adaptations ^ of the 
natural theologian.’^ The author apparently believes that organi- 
sation progresses by sudden leaps, but that the eftects produced 
by the conditions of life are gradual. He argues with much force 
on general groiindo that species are not immutable productions. 
But I cannot see how the two supposed impulses” account in a 
scieutiiic sense for the numerous and beautiful co-adaptations 
which we see throughout nature ; I cannot see that w^e thus gain 
any insight how, for instance, a woodpecker has become adapted 
to its peculiar habits of life. The work, from its powerful and 
brilliant style, though displaying in the earlier editions little 
accurate knowledge and a gimt want of scientific caution, imme- 
diately had a very wude circulation. In my opinion it has done 
excellent service in this country’ in calling attention to the subject, 
in removing prejudice, and in thus ijreparing* the ground for the 
reception of analogous views. 

In 1846 the veteran geologist M. J. d’Omalius d’Halloy pub- 
lished in an excellent though short paper (‘ Bulletins de I’Acad, 
Iloy Bruxelles,’ tom. xiii. p. 581) Ms opinion that it is more prob- 
able that new species have been produced by descent with 
modification than that they have been separately created : the 
author first promulgated this opinion in 1831. 

Professor Owen, in 1849 (‘Nature of Limbs,’ p. 86), wrote as 
follows : — “ The archetypal idea was manifested in the liesh under 
diverse such modifications, upon this planet, long prior to the 
existence of those animal species that actually exemplify it. To 
what natural law's or secondary causes the orderly succession and 
progression of such organic phenomena may have been committed, 
we, as yet, are ignorant.” In his Address to the British Associa- 
tion, in 1858, he speaks (p. li.) of “the axiom of the continuous 
operation of creative power, or of the ordained becoming of living 
things.” Farther on (p. xc.), after referring to geographical dis- 
tribution, he adds, “ These phenomena shake our confidence in 
the conclusion that the Apteiyx of New Zealand and the Eed 
Grouse of England were distinct creations in and for those islands 
respectively. Always, also, it may he well to bear in mind that 
by the word ‘creation' the zoologist means ‘a process he knows 
not what."* He amplifies this idea by adding that when such 
cases as that of the Red Grouse are “ enumerated by the zoologist 
as evidence of distinct creation of the bird in and for such islands, 
he cMefiy expresses that he knows not how the Red Grouse came 
to be there, and there exclusively ; signifying also, by tMs mode 
of expressing such ignorance, his belief that both ihe bird and the 
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islands owed tlieir origin to a great first Creative Cause.’’ If we 
interpret tliese sentences given in the same Address, one by the 
other, it appears that this eminent philosopher felt in 1858 Irb 
confidence shaken that the Apteryx and the Eed Grouse firsi; 
appeared in their respective homes, ‘‘he knew not how,” or by 
some process “ he knew not what.” 

This xlddress was delivered after the papers by ^ir. Wallace 
and myself on the Origin of Species, presently to be referred to, 
had been read before the Linnean Society. When the first edition 
of this work was published, I w^as so completely deceived, as were 
many others, by such expressions as “the continuous operation 
of creative pow'er,” that I included Professor Owen with other 
jialceontologists as being firmly convinced of the immutability of 
species; but it appears (‘Anat. of Vertebrates,’ vol. iii. p. 796) 
that this was on my part a preposterous error. In the last edition 
of this work I inferred, and the inference still seems to me per- 
fectly just, from a passage beginning with the 'words “ no doubt 
the type-form,” ttc. (Ibid. vol. i. i>. xxxv.), that Professor Owen 
admitted that natural selection may have done something ux 
the formation of a new species ; but this it appears (Ibid. vol. iii. 

р. 798) is inaccurate and without evidence. I also gave some 

с. xtracts from a corresj^ondence bet\veen Professor Owen and the 
Editor of the ‘ London Review,’ from which it appeared manifest 
to the Editor as 'well as to myself, that Professor Owen claimed 
to have promulgated the theory of natural selection before I had 
done so ; and I expressed my surprise and satisfaction at this 
announcement ; but as far as it is possible to understand certain 
recently published passages (Ibid. vol. iii. p. 798) I have either 
partially or wholly again fallen into error. It is consolatory to 
me that others find Professor Owen’s controversial writings as 
difficult to understand and to reconcile with each other, as I do. 
As far as the mere enunciation of the principle of natural selection 
is concerned, it is quite immaterial whether or not Professor Owen 
preceded me, for both of us, as shown in this historical sketch, 
were long ago preceded by Dr. Wells and Mr. Matthews. 

M* Isidore deoffroy Saint-Hilaire, in his lectures delivered in 
1850 (of which a R(5sum6 appeared in the ‘Revue et Mag. de 
Zoolog./ Jan. 1851), briefly gives his reason for believing that 
specific characters “ sont fix4s, pour chaque esptee, taut qu’elle se 
perp4tue au milieu dea mimes circonstances : ils se modifient, si 
les circonstances ambiantes viennent ^ changer.” “En rlsum4 
rohservaiim des animaux sauvages dlmontre la variahiliti 
Mmitie des espices. Les exp^rtefices sur les animaux sauvages 
devenus domestiques, et sur les animaux domestiques redevenus 
sauvages, la dimontrent plus clairement encore. Ces mimes ex- 
plriences prouventj de plus, que les differences produites peuveni 



aiSTOEIGAL SKETCH. 


cim dki Jn Ms ‘Hist. Nat. GeiH-U’itii; ' 1 4.0111 li, 

f). 430, 1859) lie amplitles analogoud conclusions. 

■From a circular lately issued it appears tliat Dr. Frcke. in lb5i 
C Dublin Medical Press/ p. propounded the doctrine that all 
organic beings have descended from one primordial form. His 
grounds of belief and treatment of the subject are wholly different 
from mine ; but as Dr. Preke has now (ISCl) published liis Essay 
on the ‘ Origin of Species by means of Organic AiSnity/ the diffi- 
cult attempt to give any idea of Ms vlevrs would be supeiffiiious 
on my part, 

3Ir. Herbert Spencer, in an Essay (originally piibiishcd in the 
‘ Leader/ March, 1852, and republished in his ‘Essays/ in 1858), 
has contrasted the theories of the Creation and the Development 
of organic beings with remarkable skill and fox'ce. He argues 
from the analogy of domestic productions, from the changes 
which the embryos of many species undergo, from the difficulty of 
distinguishing species and varieties, and from the principle of 
general gradation, that species have been modified ; and he 
attributes the modification to the change of circumstances. The 
author (1855) has also treated Psychology on the principle of the 
necessary acquirement of each mental power and capacity by 
gradation. 

In 1852 M. Naudin, a distinguished botanist, expressly stated, 
ill an admirable paper on the Origin of Species (" Pevue Horticole, 
p. 102 ; since partly republished in the ‘ Houvelies Archives du 
Museum,’ tom. i. p. 171), his belief that species are formed in an 
analogous manner as varieties are under cultivation ; and the 
latter process he attributes to man’s power of selection. But he 
does not show how selection acts under nature. He believes, like 
Dean Herbert, that species, when nascent, were more plastic than 
at present. He lays weight on what he calls the principle of 
finality, “ puissance myst4rieuse, mdetermin4e ; fatality pour les 
ims ,* pour les autres, volont4 providentielle, dont Faction inces- 
sante siir les 4ti'es vivants determine, h toutes les epoques d© 
Fexistenc© du monde, la forme, 1© volume, et la dure© de chacun 
d’eux, en raison de sa destin4e dans Fordre de choses dont il fait 
partie. C’est cette puissance qui harmonise chaque membre a 
I’ensemble, en Fappropriant h, la fonction quhl doit remplir dans 
Forganisme g4n4ral de la nature, fonction qui est pour lui sa raison 
d’etre.”* 

♦ From references in Bronn’s ‘ ITatersuchmigen iiber die EEtwiekolimgs- 
Gesetee/ it appeals that the celebrated botanist and palseontoloMt ITiiger 
published, in 1852, bis belief that species undergo development and modifica- 
tion, Dalton, likewise, in Pander and Daltoffs work on Fossil Sloths, es- 

K !6d, in 1821, a similar belief. Similar views have, as is well known, 
mamfained by Oken in bis mysfical ‘ Natur-Pbilosopbie.’ From otbar 
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In 1853 a celebrated geologist, Count Keyserling (‘ Bulletin dc 
la Soc. Geolog., ^ 2nd Sen, tom. x, -p, 357), suggested that as new 
diseases, supposed to have been caused by some miasma, have 
arisen and spread over the world, so at certain jieriods the germs 
of existing species may have been chemically affected by circum- 
ambient molecules of a particular nature, and thus have given 
rise to new forms. 

In this same year, 1853, Dr. Schaaff hausen published an excel- 
lent pamphlet (‘Verhancl. des Katurhist. Vereius der Breuss. 
Rhoinlauds,’ &c.), in which he maintains the development of 
organic forms on the earth. He infers that many species have 
kept true for long periods, whereas a few have become modified. 
The distinction of species he explains by the destmction of inter- 
mediate graduated forms. “ Thus living plants and animals are 
not separated from the extinct by new creations, but are to be 
regarded as their descendants through continued reproduction.” 

A well-known French botanist, IH. Lecoq, writes in 1854 
(‘Etudes sur Geograph. Bot./ tom. i. p, 250), “On voit que no^; 
recherches sur la fixite ou la variation de Fespexie, nous conduisent 
directement aiix id4es emises, par deux homines justement celebres, 
Geoffrey Saint-Hilaire et Gmthe.” Some other passages scattered 
through M. Lecoq’s large work, make it a little doubtful how far 
he extends his views on the modification of species. 

The ‘ Philosophy of Creation ’ has been treated in a 
manner by the Rev. Baden Powell, in Ms ‘Essays on tl -gy^pty 
of Worlds,’ 1855. ISTothing can be more striking than th( 
in which he shows that the introduction of new sped ^ 
regular, not a casual phenomenon,” or, as Sir John 
expresses it, “a natural in contradistinction to a mi&feous 
process.” 

The third volume of the ‘Journal of the Linnean Society ’ con- 
tains papers, read July 1st, 1858, by Mr. Wallace and myself, in 
which, as stated in the introductory remarks to this volume the 
theory of Natural Selection is promulgated by Mr. Wallace with 
admirable force and clearness. 

Von Baer, towards whom all zoologists feel so profound a 
respect, expressed about the year 1859 (see Prof. Rudolph Wagner, 

‘ Zoologisch-Anthropologische Untersuchungen,’ 1861, s, 51) his 
conviction, chiefly grounded on the laws of geographical distribu- 

refereaces in Godion’s work * Sur I’E^ce,’ it seems that Boxy St. Vineent, 
Btirdach, Poiret, and Fries, have all admits that new species are contixiually 
bdng prcdaced. 

T may add, that of the thirty-four authors named n| this Historical Sketch, 
who believe in the modification of species, or at least disbolie^-e in separate 
acts of creation, twenty-seTen have written on special branches of natural 
Mstorj’' or geology’*. 
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tion, that forms now perfectly distinct liavo descended from a 
single f>arent-form. 

In June, 1859, Professor Huxley gave a lecture before the Eoyal 
Institution on the ‘ Persistent Types of Animal I'fe/ Ileferring 
to such cases, he remarks, ‘Ht is difficult to comprehend the 
meaning of such facts as these, if we suppose that each species of 
animal and plant, or each great type of organisation, was formed 
and placed upon the surface of the globe at long intervals by a 
distinct act of creative power ; and it is well to recollect that 
such an assumption is as unsupported by tradition or revelation 
as it is opposed to the general analogy of nature. If, on the other 
hand, we view ‘Persistent Types’ in relation to that hypothesis 
which siipiioses the species living at any time to be the result of 
the gradual modification of pre-existing species a hypothesis 
•which, though unproven, and sadly damaged by some of its sup- 
porters, is yet the only one to which physiologj’’ lends any counte- 
nance ; their existence would seem to show that the amount of 
modification which living beings have undergone during geological 
time is but very small in relation to the whole series of changes 
which they have suffered.” 

In December, 1859, Dr. Hooker published his ‘ Introduction to 
the Australian Flora.’ In the first part of this great work he 
admits the truth of the descent and modification of species, and 
suppq^ ,s this doctrine by many original observations. 

Th^^irst edition of this work was published on Kovember 24tli, 
1859, ^iiid the second edition on January Tth, 1860. 
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INTEODUCTIOK 

When ou boarclH.M.S. ‘ Beagle/ as naturalist, I vv’as miicli stnick 
witli certain facts in tlie distribution of the organic beings in- 
habiting South America, and in the geological relations of the 
present to the past inhabitants of that continent. These facts, bb 
will be seen in the latter chapters of this volume, seemed to throw 
some light on the origin of species— that mystery of lnystelies^ as it 
has been called by one of our greatest pliilosophers. On my return 
home, it occurred to me, in 183V, that something might perhaps 
be made out on this question by patiently accumulating and 
reflecting on all sorts of facts which could possibly have any bear- 
ing on it. After five years’ work I allowed myself to speculate 
on the subject, and drew up some short notes ; these I enlarged 
in 1844 into a sketch of the conclusions, which then seemed to me 
probable : from that period to the present day I have steadily 
pursued the same object. I hope that I may be excused for 
entering on these personal details, as I give them to show that I 
have not been hasty in coming to a decision. 

My work is now (1859) nearly finished ; but as it will take me 
many more years to complete it, and as my health is far from 
strong, I have been urged to publish this Abstract. I have more 
especially been induced to do this, as i^Ir. Wallace, 'who is now 
studying the natural history of the Malay arcMpelago, has arrived 
at almost exactly the same general conclusions that I have on the 
origin of species. In 1858 he sent me a memoir on this subject, 
with a request that I would for^vard it to Sir Charles Lyell, who 
sent it to the Linnean Society, and it is published in the third 
volume of the Journal of that Society.. Sir C. Lyell and Dr. 
Hooker, who both knew of my work—the latter having read my 
sketch of 1844— honoured me by thinking it advisable to publish, 
with Mr. Wallace’s excellent memoir, some brief extracts from my 
manuscripts. 

This Abstract, which I now publish, must necessarily be im- 
perfect* I cannot here give references and authQriti gJor^^py 
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several statements ; and I must trust to tiie reader reposing some 
confidence in my acciuacy. No doubt errors will have crept in, 
though I hope I have always been cautious in trusting to good 
authorities alone. I can here give only the general conclusions at 
which I have arrived, with a few facts in illustration, but which, I 
hope, in most cases will suffice. No one can feel more sensible 
than I do of the necessitj’- of hereafter publishing in detail ah the 
facts, with references, on which my conclusions have been grounded ; 
and T hope in a future work to do this. For I am well aware that 
scarcely a single point is discussed in this volume on which facts 
cannot be adduced, often apparently leading to conclusions directly 
o]>posite to those at wffiick I have arrived. A fair result can be 
obtained only by fully stating and balancing the facts and argu- 
ments on both sides of each question ; and this is here impossible. 

E much regret that w^ant of space pjrevents my having the satis- 
faction of ackno’ivledglng the generous assistance which I have 
received from very many naturalists, some of them personally 
unknown to rnn. I cannot, however, let this opportunity pass 
without expressing my deep obligations to Dr. Hooker, who, for 
the last fifteen years, lias aided me in every possible way by his 
large stores of knowledge and liis excellent judgment. 

In considering the Origiu of Species, it is quite conceivable that 
a naturalist, reiiecting on the mutual affinities of organic beings, 
on their enibryological relations, tlieir geographical distribution, 
geological succession, and other such facts, might come to the con- 
clusion that species had not been independently created, but had 
descended, like varieties, from other species. Nevertheless, such 
a conclusion, even if well founded, would be unsatisfactory, until 
it could be shown how the innumerable species inhabiting this world , 
have been modified, so as to acquire that perfection of structure' 
and coadaptation which justly excites our admiration. Naturalists ! 
continually refer to external conditions, such as climate, food, etc., ' 
as the only possible cause of variation. In one limited sense, as 
we shall hereafter see, this may be true ; but it is preposterous to 
attribute to mere external conditions, the structure, for instance, , 
of the woodijecker, with its feet, tail, beak, and tongue, so admir- ’ 
ably adapted to catch insects under the bark of trees. In the case 
of the mistletoe, wffiich draws its nourishment from certain trees, 
which has seeds that must be transported by certain birds, and 
which has flowers with separate sexes absolutely requiring the 
agency of certain insects to bring pollen from one flower to the 
other, it ia equally preposterous to account for the structure of 
this parasite, with its relations to several distinct organic beings, 
by the effects of external conditions, or of habit, or of the volition 
of the plant itself. 

It ia, therefore, of the highest importance to gain a clear insight 
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into tlie means oi modification and coadaptation. At tke com> 
iiiencement of my obserrationa it seemed to me X'tobablo tliat a 
caretiil str.dy cf doijic=?ticated animals and of cnltiTated plants 
vroiild Oiicr the be^t chance of makin^^ out this obscure problem. 
hTor lir.Ye I beeii disappointed ; in this and in all other perplexing 
cases I have invarlally found that our knowledge, imperfect 
thougJi it be, of variation under doraestication, afforded the best 
and^ safest clue. I may 'venture to express my conviction of the 
high value of sucli studies, aithongli they have been very commonly 
negiected by naturalists. 

From these considerations, I shall devote the first chapter of 
this Abstract to Variation under Domestication. We shall thus 
see that a large amount of hereditaiy modification is at least pos- 
sible ; and, ivliat is equally or more important, ve shall see how 
great is the power of man in accumulating by his Selection succes- 
sive slight variations. 1 will then pass on to the variability of 
species in a state of nature ; but I shall, unfortunately, be com- 
pelled to treat this subject far too briefly, as it can be treated 
properly only by giving long catalogues of facts. ^Ye shall, how- 
ever, be enabled to discuss what circumstances are most favourable 
to variation. In the next chapter the Struggle for Existence 
amongst ail organic beings throughout the world, which inevitably 
follows from the high geometrical mtio of their increase, will be 
considered. This is the 4octrm^.Q£„MaIthus, applied to the -whole 
animal and vegetable kingdoms. As many more indi-^dduals of 
each species are born than can possibly survive ; and as, conse- 
quently, there is a frequently recurrent struggle for existence, it 
follows that any being, if it vary however slightly in any manner 
profitable to itself, under the complex and sometimes varying con- 
ditions of life, will have a better chance of surviving, and thus be 
naturally sdected. From the strong principle of inheritance, any 
selected variety will tend to propagate its new and modified form. 

This fundamental subject of I^tura] Selection wiil be treated 
at some length in the fourth chapter ; and we shall then see how 
Isfatural Selection almost inevitably causes much Ex:tinction of the 
less improyed forms of life, and leads to what I have called Diver- 
gence of C haracter . In the next chapter I shall discuss the complex 
and little known laws of variation. In the five succeeding chap- 
ters, the most apparent and gravest difficulties in accepting the 
theory will be given : namely, first, the difficulties of transitions, 
or how a simple being or a simple organ can be changed and 
perfected into a Mghlydeveloped being or into an elaborately con- 
structed organ ; secondly, the subject of Instinct, or the mental 
powers of animals ; thirdly. Hybridism, or the infertility of species 
and the fertility of varieties when intercrossed ; and fourthly, the 
in^wfection of the Geological Becord. In the next chapter I rfbsdl 
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rontsider the geologicai succession of organic beings throughout 
time ; in the twelfth and thirteenth, their geographical distribution 
throughout space ; in the fourteenth, their classification or mutual 
affinities, both when mature and in an embryonic condition. In 
the last chapter I shall give a brief recapitulation of the whole 
work, and a few concluding remarks. 

hTo one ought to feel surprise at much remaining as yet unex- 
X)lamed in regard to the origin of species and varieties, if he make 
due allowance for oiir profound ignorance in regard to the mutual 
relations of the many beings which live around us. TlTio can 
explain why one species ranges widely and is very numerous, and 
why another allied species has a narrow range and is rare ? Yet 
these relations are of the highest importance, for they determine 
the present welfare, and, as I believe, the future success and 
modification of every inhabitant of this world. Still less do we 
know of the mutual relations of the innumerable inhabitants of 
the world during the many past geological epochs in its history. 
Although much remains obscure, and will long remain obscure, I 
can entertain no doubt, after the most deliberate study and dis- 
pa.ssionate judgment of which I am capable, that the view which 
most naturalists until recently entertained, and which I formerly 
entertaiiied—namely, that each species has been independently 
created— is erroneous. I am fully convinced that species are not 
immutable ; but that those l^elonging to what are called the same 
genera are lineal descendants of some other and generally extinct 
species, in the same manner as the acknowledged varieties of any 
one species are the descendants of that species. Furthermore, I 
am convinced that Natural Selection has been the most important 
but not the exclusive, means of modification. 
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CEAPTES I. 

VAKIATIOlsr U^TDEPw DoZuEfcTIC A.TIOX. 

Causes of yambility — Effects of habit and tlie use or disuse of parts — Corre- 
lated vanatiun—InLentauee — Character of domestic varieties — lliiuculty 
of disting-mslimg between varieties and species — Origin of doincbtic 
varieties from one or more cpecies — Domestic pigeons, tlieir differences 
and orioin — Principles of xlection, anciently followed, tlieii' effects — 
Methodical and unconscious selection — UnknowTi origin of our domestic 
productions — Circumstances favourable to man’s power of selection. 

Causes of Vaviahiliiy. 

Ween we compare the indivicIuaLs of the same variety or sub- 
variety of our older cultivated plants and animals, one of the first 
points which strikes us is, that they generally difier more from 
each other than do the individuals of any one species or variety in 
a state of nature. And if we reflect on the vast diversity of the 
jdants and animals which have been cultivated, and which have 
varied during all ages under the most different climates and ti'eat- 
ment, we are driven to conclude that this great variability is due 
to our domestic productions having been raised under conditions 
of life not so uniform as, and somewhat difterent from, those to 
which the parent species had been exposed under nature. There 
is, also, some probability in the view propounded by Andrew 
Knight, that this variability may be partly connected with excess 
of food. It seems clear that organic beings must be exposed 
during several generations to new conditions to cause any great 
amount of variation ; and that, when the organisation has once 
begun to vary, it generally continues varying for many generations. 
No case is on record of a variable organism ceasing to vary under 
cultivation. Our oldest cultivated plants, such as wheat, still 
yield new varieties : our oldest domesticated animals are still 
capable of rapid improvement or modification. 

As far as I am able to judge, after long attending to the subject, 
the conditions of life appear to act in two ways, -directly on the 
whole organisation or on certain parts alone, and indirectly by 
affecting the reproductive system. With respect to the direct 
action, we must bear in mind that in every case, as Professor 
Weismann has lately insisted, and as I have incidentally shown 
in my work on * Vaiiation under Domestication,’ there are two 
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factors : namely, tlie nature of tlie organism, and tlie nature of the 
conditions. The former seems to be much the more impoi'tant ; 
for nearly similar variations sometimes arise under, as far as we 
can judge, dissimilar conditions ; and, on the other hand, dissimilar 
variations arise under conditions which appear to be nearly unifoim 
The effects on the offspring are either definite or indefinite. They 
may be considered as definite when all or nearly all the offspring 
of individuals exposed to certain conditions during several genera- 
tions are modified in the same manner. It is extremely difficult to 
come to any conclusion in regard to the extent of the changes 
which have been thus definitely induced. There can, however, be 
little doubt about many slight changes, — such as size from the 
amount of food, colour from the nature of the food, thickness of the 
skin and hair from climate, etc. Each of the endless variations 
which we see in the plumage of our fowls must have had some 
efficient cause ; and if the same cause were to act uniformly during 
a long series of generations on many individuals, all probably 
would be modified in the same manner. Such facts as the complex 
and extraordinary out-growths which variably follow from the 
insertion of a minute drop of poison by a gall-producing insect, 
show us what singular modifications might result in the case of 
plants from a ehcmhxil change in the nature of the sap. 

Indefinite variability is a much more common result of changed 
conditions than definite variability, and has probably played a 
more important part in the formation of our domestic races. We 
see indefinite variability in the endless slight peculiarities which 
distinguish the individuals of the same species, and which cannot 
be accounted for by inheritance from either parent or from some 
more remote ancestor. Even strongly-marked differences occa- 
sionally appear in the young of the same litter, and in seedlings 
from the same seed-capsule. At long intervals of time, out of 
millions of individuaLs reared in the same country and fed on nearly 
the same food, deviations of structure so strongly pronounced as to 
deserve to be called monstrosities arise ; but monstrosities cannot 
be separated by any distinct line from slighter variations. All 
such changes of structure, whether extremely slight or strongly 
marked, which appear amongst many individuals living together, 
may be consider^ as the indefinite effects of the conditions of Hfe 
on each individual organism, in nearly the same manner as the 
chili affects different men in an indefinite manner, according to 
their state of body or constitution, causing coughs or colds, rheu- 
matism, or inflammation of various organs. 

With respect to what I have called the indirect action of changed 
conditions, namely, through the reproductive system of being 
affected, we may infer that variability is thus induced, partly from 
the fact of this system being extremely sensitive to any change in 
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tlie conditions, and partly iroin the siniilarhy, as Kolrciiter and 
otliers iieace remailred, Lonveen the varkuiUty roilo%7? from 

the crossing" cf distinct species, and that vriiicii may be observed 
vitli plants and aninmls t hen rea,recl under new or uiinatiiral con- 
ditions. lads dearly show how eminently sueceptible the 

reproductive system is to verj' slight changes in the surromicling 
concii cions. XorJiing is more easy than to tame an animal, and few 
tilings more difScml than to get it to breed freely under conhne- 
ineiit, even when the male and leinale unite. How many animals 
there are v, hicii will nut breed, though kept in an almost free state in 
their native country 1 This is generaSly, but erroneously, attributed 
to vitiated instincts. Many cultivated plants display the utmost 
vigour, and yet rarely or never seed 1 la some few cases it has 
been discovered that a very tridiiig change, such as a little more 
or less water at some particular period of growth, will determine 
whether or not a plant v/ill produce seeds. I cannot here give the 
details which I have collected and elsewhere published on this 
curious subject ; but to show how singular the laws are which 
determine the reproduction of animals under confinement, I may 
mention that carnivorous animals, even from the troj)ics, breed in 
this country pretty freely under confinement, with the excejjtion 
of the ijlantigrades or bear family, which seldom produce jmung ; 
whereas carnivorous birds, with the rarest exceptions, hardly ever 
lay fertile eggs. Many exotic plants have pollen utterly worthless, 
in the same condition as in the most sterile hybrids. T\Tien, on the 
one hand, we see domesticated animals and plant-s, though often 
weak and sickly, breeding freely under confinement ; and when, 
on the other hand, we see individuals, though taken young from . 
state of nature perfectly tamed, long-lived and healthy (of which 
I could give numerous instances), yet having their reproductive 
system so seriously affected by unperceived causes as to fail to act, 
we need not bo surprised at this system, when it does act under 
confinement, acting irregularly, and producing offspring somewhat 
unlike their parents. I may add, that as some organisms breed 
freely under the most unnatural conditions (for instance, rabbits 
and ferrets kept in hutches), showing that their reproductive 
organs are not easily affected ; so will some animals and plants 
withstand domestication or cultivation, and vary very slightly — 
perhaps hardly more than in a state of nature. 

Some naturalists have maintained that all variations are con- 
nected with the act of sexual reproduction ; but this is certainly an 
error ; for I have given in another work a long list of “sporting 
plants,” as they are called by gardeners ; — that is, of plants which 
have suddenly produced a single bud with a new and sometimes 
widely different character from that of the other buds on the same 
plant These kid-variations, as they may be named, can be pro- 
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whole subject would be, to look at the inheritance of every character 
whatever as the rale, and non-inheritance as the anomaly. 

The laws governing inheritance are for the most x^art unknown. 
No one can say why the same peculiarity in different individuals of 
the same species, or in different species, is sometimes inherited and 
sometimes not so ; why the child often reverts in certain characters 
to its grandfather or grandmother or more remote ancestor ; why a 
peculiarity is often transmitted from one sex to both sexes, or to one 
sex alone, more commonly but not exclusively to the like sex. It is 
a fact of some importance to us, that peculiarities appearing in the 
males of our domestic breeds are often transmitted, either exclu- 
sively or in a much greater degree, to the males alone. A much 
more important rule, which I think maybe trusted, is that, at what- 
ever period of life a peculiarity first ax)pears, it tends to reappear in 
the offspring at a corresponding age, though sometimes earlier. In 
many cases this could not be otherwise ; thus the iiiiiorited pecu- 
liarities iu the horns of cattle conld appear only in the offsining 
when nearly mature ; peculiarities in the silkworm are known to 
appear at the corresponding caterx)illar or cocoon stage. But 
hereditary diseases and some other facts make me believe that the 
rule has a wider extension, and that, when there is no apparent 
reason why a peculiarity should appear at any particular age, yet 
that it does tend to appear in the ofisxuing at the same period at 
which it first appeared in the parent. I believe this rale to be of 
the highest importance in explaining the laws of embryology. 
These remarks are of course confined to the first appmrame of the 
peculiarity, and not to the primary cause which may have acted on 
the ovules or on the male element ; in nearly the same manner as 
the increased length of the horns in the offspring from a short- 
horned cow by a long-homed bull, though appearing late in life, is 
clearly due to the male element. 

Having alluded to the subject of reversion, I may here refer to a 
statement often made by naturalists — namely, that our domestic 
varieties, when run wild, gradually but invariably revert in cha- 
racter to their aboriginal stocks. Hence it has been argued that no 
deductions can be drawm from domestic races to species in a state 
of nature. I have in vain endeavoured to discover on what decisive 
facts the above statement has so often and so boldly been made. 
There would be great difficulty in proving its truth : we may safely 
conclude that very many of the most strongly marked domestic 
varieties could not ijossibly live in a wild state. In many cases we 
do not know what the aboriginal stock was, and so could not tel! 
whether or not nearly perfect reversion had ensued. It would be 
necessary, in order to prevent the effects of intercrossing, that only 
a single variety should have been turned loose in its new home. 
Nevertheless, as our varieties certainly do occasionally revert in 
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some of tbeir eljarroters toancer^tral foniis, it .-corns lo me not iiu- 
proljable tlial if we could snccead iu noiuiailAug, or were to cuUi- 
Yate, during many gener8tioiu>, tlie several races, for instance, of 
tile cabbage, in ver^' jjoor soil v.Iiicii case, iiowever, some etieet 
would have lo be attributed to the action of the poor soil), 

that they would, to a large extent, or even wholly, revert to the v, ild 
aboriginal stock, "^^liether or net the experiment would succeed, 
is not of great iniporranee for our iine of argument ; for by the 
experiment it.'aelf the conditions of life are changed. If it eonld 
shown that oar domestic varietie-s manifested a strong tendency to 
reversion, — that is, to Jose tlieir acquired chara.Gter.s, whilst kept 
under the same conditions, and whilst kept in a coiiEiderable body, 
so that free intercrossing might check, by blending together, any 
slight deviations in their structure, in such case, 1 grant that v, e 
could deduce nothing from domestic varieties in regard to species. 
But there is not a shadow of evidence in favour of this view : to 
assert that we could not breed our cart and racc-horses, long and 
shortdiorned cattle, and poultry of various breeds, and esculent 
vegetables, for an unlimited number of generations, 'would be 
opposed to all exj)erience. 

Character of Bomesiic Varieties; difficult}/ of clistmgimhaig 
between Varieties and S/^ecies ; origin of Domestic Varktie.'i 
from om or more Species. 

■When -we look to the hereditary varieties or races of our domestic 
animals and jdants, and compare them with closely allied species, 
we generally perceive in each domestic race, as already remarked, 
less unifonnity of character than in true species. Domestic races 
often have a somewhat monstrous character ; by which I mean, 
that, although differing from each other, and from other species of 
the same genus, in several trifling respects, they often differ in an 
extreme degree in some one part, both when compared one with 
another, and more especially when compared 'with the species under 
nature to which they are nearest allied. With these exceptions 
(and "vvith that of the perfect fertility of varieties when crossed,— 
a subject hereafter to be discussed), domestic races of the same 
species differ from each other in the same manner as do the closely- 
allied species of the same genus in a state of nature, but the differ- 
ences in most cases are less in degree. This must he admitted as 
true, for the domestic races of many animals and plants have been 
ranked by some competent judges as the descendants of aboriginally 
distinct species, and by other competent judges as mere varieties. 
If any well-marked distinction existed between a domestic race and 
a species, this source of doubt would not so perpetually recur. It 
hm often been stated that domestic races do not differ from each 
other in chwaeters of generic value. It can be shown that this 
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statement is not correct ; but naturalists differ mucb in determining 
what characters are of generic ralue ; all such valuations being at 
present empirical. When it is explained how genera originate under 
nature, it will be seen that we have no right to expect often to find 
a generic amount of difference in our domesticated races. 

In attempting to estimate the amount of structural difference 
between allied domestic races, we are soon involved in doubt, from 
not knowing whether they are descended from one or several parent 
species. This point, if it could bo cleared up, would be interesting ; 
if, for instance, ifc could be sho\vn that the greyhound, bloodhound, 
terrier, spaniel, and bull-dog, which wo all know propagate their 
kind truly, were the offspring of any single species, then such facts 
would have gi’eat weight in making us doubt about the immuta- 
bility of the many closely allied natural species — for instance, of 
the many foxes — inhabiting different cfuarters of the world. I do 
not believe, as we sliall presently see, that the whole amount of 
difference between the several breeds of the dog has been produced 
under domestication ; I believe that a small part of the difference 
is due to their being descended from distinct species. In the case 
of strongly marked races of some other domesticated species, there 
is presumptive or even strong evidence, that all are descended from 
a single wild stock. 

It has often been assumed that man has chosen for domestication 
animals and plants having an extraordinary inherent tendency to 
vary, and likewise to withstand diverse climates. I do not dispute 
that these capacities have added largely to the value of most of our 
domesticated productions ; but how could a savage possibly know, 
when he first tamed an animal, whether it would vary in succeeding 
generations, and whether it would endure other climates ? Has the 
little variability of the ass and goose, or the small power of endur- 
ance of warmth by the reindeer, or of cold by the common came], 
prevented their domestication? I cannot doubt that if other 
animals and plants, equal in number to our domesticated produc- 
tions, and belonging to equally diverse classes and countries, were 
taken from a state of nature, and could be made to breed for an 
equal number of generations under domestication, they would on 
an average vary as largely as the parent species of our existing 
domesticated productions have varied. 

In the case of most of our anciently domesticated animals and 
plants, it is not possible to come to any definite conclusion, whether 
they are descended from one or several wild species. The argu- 
ment mainly relied on by those who believe in the multiple origin 
of our domestic animals is, that we find in the most ancient times, 
on the monuments of %yp^> and in the lake-habitations of Switzer- 
land, much diversity in the breeds • and that some of these ancient 
breeds closely resemble, or are even identical with, those stiH exist* 
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]jjt ozlj" thi’ows far fcaekv»’ardti the Iiii^iory re Avilira- 
lion, and siiotts that animals %Yere domesticated ai a iiuidi t?.rlier 
period than has liidierto been supposed. The ialie-inlipJjilaiit&' of 
Svdtzerlancl critiTatad seToral kinds ol wheat and b.i.iL -a the rjea, 
tiie pojjpyfor oil, and and they possessed several dctjue^hicated 
animals. They also carried on commerce vdtii oilier nalions. All 
this clearly slioivs, as Heer has remarked, that they had at this 
early age progressed considerably in ciTilisation ; and tiiis again 
iiiixdies a long continued 3 ire-^nous period of less araanced civilisa- 
tion, during which the doniestica-ted aniinals, kept by different 
tribes in different districts, might ha.ve \aried and given rise to 
distinct races. Since the discorery of hint tools in the snperScial 
formations of many parts of the world, all geologists believe that 
barbarian man existed at an enonnously remote p'oriod ; and wii 
know that at the present day there is hardly a tribe so barbarous, 
as not to have domesticated at least the dog. 

The origin of most of our domestic animals will ] n’ldmoly for ever 
remain vague. But I may liei’e state, that, looking to the domestic 
dogs of the whole world, I have, after a laborious collection of all 
known facts, come to the conclusion that several wild species of 
Canidse have been tamed, and that their blood, in some cases 
mingled together, flows in the veins of our domestic breeds. In 
regard to sheep and goats I can form no decided opinion. From 
facts communicated to me by Mr. Blyth, on the habits, voice, con- 
stitution, and structure of the humped Indian cattle, it is almost 
certain that they are descended from a different aboriginal stock 
from our European cattle ; and some competent judges believe that 
these latter have had two or three ■v\ild progenitors, — whether or 
not these deserve to be called species. This conclusion, as well as 
that of the specific distinction between the humped and common 
cattle, may, indeed, be looked upon as established by the admirable 
researches of Professor Eiltimeyer. Witli respect to horses, from 
reasons wMch I cannot here give, I am doubtfully inclined to 
believe, in opposition to several authors, that all the races belong 
to the same species. Having kept nearly all the English breeds of 
the fowl alive, having bred and crossed them, and examined their 
skeletons, it appears to me almost certain that all are the descend- 
ants of the wild Indian fowl, Galius bankiva ; and this is the con- 
clusion of Mr. Blyth, and of others who have studied this bird in 
India. In regard to ducks and rabbits, some breeds of which 
differ much from each other, the evidence is clear that they are all 
descended from the common wild duck and rabbit. 

The doctrine of the origin of onr several domestic races from 
several aboriginal stocks, has been carried to an absurd extreme by 
some authors. They believe that every race which breeds trae, let 
the distinctive characters be ever so slight, has had its wild proto- 
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type. At this rate tlxere must have existed at least a score of 
species of wild cattle, as many sheep, and several goats, in Europe 
alone, and several even ■within Great Britain. One author believes 
that there formerly existed eleven wild species of sheep peculiar to 
Clreat Britain 1 When we bear in mind that Britain has now not 
one peculiar mammal, and France but few distinct from those of 
Germany, and so witli Hungary, Spain, etc., but that each of these 
kingdoms possesses several peculiar breeds of cattle, sheep, etc., we 
must admit that many domestic breeds must have originated in 
Europe ; from whence otherwise could they have been derived 1- 
So it is in India. Even in the case of the breeds of the domestic 
dog throughout the -world, which I admit are descended from 
several wild species, it cannot be doubted that there has been an 
immense amount of inherited variation ; for who will believe that 
animals closely resembling the Italian greyhound, the bloodhound, 
the bull-dog, pug-dog, or Blenheim spaniel, etc. — so unlike all wild 
Canidm— ever e.visted in a state of nature? It has often been 
loosely said that all onr races of dogs have been produced by the 
crossing of a few aboriginal species ; but by crossing we can only 
get forms in some degree intermediate between their parents ; and 
if -we account for our several domestic races by this process, xvo 
must admit the former existence of the most extreme forms, as the 
Italian greyhound, bloodhound, bull-dog, etc., in the wild state. 
Moreover, the possibility of maliing distinct races by crossing has 
been greatly exaggerated. Many cases are on record, showing that 
a race may be modified by occasional crosses, if aided by the care- 
ful selection of the individuals which present the desired character ; 
but to obtaiii a race intermediate between two quite distinct races, 
wmnld be very difficult. Sir J. Sebright expressly experimented 
•with this object and failed. The offspring from the first cross 
betw^een two pure breeds is tolerably and sometimes (as I have 
found with ingeons) quite uniform in character, and everything 
seems simixle enough ; but wffien these mongrels are crossed one 
with another for several generations, hardly two of them ate alike, 
and then the difficulty of the task becomes manifest 

Breeds of the Bonustic Pigeon, their Bifferemes and Origin, 

Believing that it is always best to study some special group, 
I have, after deliberation, taken up domestic pigeons. I have kept 
every breed which I could purchase or obtain, and have been most 
kindly favoured with skins from several quarters of the world, 
more especially by the Hon. W. Elliot from India, and by the Hon. 
C. Murray from Persia. Many treatises in different languages have 
been published on pigeons, and some of them are very important, 
as being of considerable antiquity. I have associated with several 
eminent fanciers, and have been permitted to join two of the 
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Lcmdoii Pigeon Clu>>s. The diversib; of tlie Lrcccls 
SLStom^mng, Compare the English carrier and the sliorXfaced 
tumbler, and see the vroiiderful differeuce in tlieir beaks, eatailma 
corresponding ddficreiices in their skulls. Tlie carrier, more c-tspc- 
cially the male bird, I'i also remarkable from the wcndcriiil dcvelo]i- 
nieiit of the- caniiiciJated skin about the head : and this is 
accomj>aiiied by greatly elongated eyelids, v^ry Irrge external 
orifices lo the nostrils, and a wide gape of mouth. The short -faced 
liimLIer lias a beak in outline almost like that of a iineli ; and the 
coininoii tiiinhler has the singular inherited habit of Hying at a 
great height in a compact iiock, and tumbling in the air head over 
heels. The riiiit is a bird of great size, v.itii long massive beak 
and large feet ; some of the sub-breeds of niiits have very long 
necks, others very long wings and tails, others singularly short 
tails. The barb is allied to the carrier, but, instead of along beak, 
lias a very short and broad one. The pouter lias a much elongated 
body, wings, and legs ; and its enormously developed crop, v.hich 
it glories in inflating, may well excite astonishment and even 
laughter. The turbit has a short and conical beak, with a line of 
reversed feathers doTO the breast ; and it has the habit of coii- 
tinnally expanding, slightly, the upper part of the cesophagus. 
The Jacobin has the feathers so much reserved along the back of 
the neck that they form a hood ; and it has, propoilioiially to its 
size, elongated wing and tail feathers. The trumpeter and laugher, 
as their names express, utter a very different coo from the other 
breeds. The fantail has thii'ty or even forty tail-feathers, instead 
of twelve or fourteen — the normal number in all the members of 
the great pigeon family : these feathers are kept expanded, and are 
carried so erect, that in good birds the head and tail touch : the 
oil-gland is quite aborted. Several other less distinct breeds might 
be specified. 

In the skeletons of the several breeds, the development of the 
bones of the face in length and breadth and curvature differs 
enormously. The shape, as well as the breadth and length of the 
ramus of the lower jaw, varies in a highly remarkable manner. 
The caudal and sacral vertebrae vary in number ; as does the 
number of the ribs, together with their relative breadth and the 
presence of processes. The size and shape of the apertures in the 
sternum are highly variable ; so is the degree of divergence and 
relative size of the two arms of the furcula. The proportional 
width of the gape of mouth, the proportional length of the eyelids, 
of the orifice of the nostrils, of the tongue (not always in strict 
correlation with the length of beak), the size of the crop and of the 
upper part of the oesophagus ; the development and abortion of the 
oil-gland ; the number of the primary wing and caudal feathers ; 
the relative length of the wing and tail to each other and to the 
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body ; tiic relativo ieiigtli of the leg and foot , tlie inimber of 
scTitellsB on tbe toes, the development of skin between the toes, 
are all points of structure which are variable. The period at which 
the perfect plumage is acquired varies, as does the state of the 
down with which the nestling birds are clothed when hatched. 
The shape and size of the eggs vary. The manner of flight, and 
in some breeds the voice and disposition, difiers remarkably. 
Lastly, in certain breeds, the males and females have come to 
differ in a slight degree in each other. 

Altogether at least a score of pigeons might be chosen, wdiich, if 
shown to an orniuliologist, and he were told that they were wild 
birds, -would certainly bo ranked by him as -ivell-defined species, 
^loreover, I do not believe tliat any oniitliologist would in this 
case place the English carrier, the short-faced tumbler, the runt, 
the l-iarb, pouter, and fantail in the same genus ; more especially 
as in each of these breeds several truly-inherited sub-breeds, or 
species, as lie would call them, could be shown him. 

C4roat as are the differences between the breeds of the pigeon, 
I am fully convinced that the common opinion of naturalists is 
correct, namely, that ail are descended from the rock-pigeon 
(Coliuuba li-iia), including under this term several geographical 
races or sub-species, which differ from each other in the most 
trifling respects. As several of the reasons 'ivhich have led me to 
this belief are in some degree applicable in other cases, I will here 
briefly give them. If the several breeds are not varieties, and have 
not proceeded from the rock-pigeon, they must have descended 
from at least seven or eight aboriginal stocks ; for it is impossible 
to make the present domestic breeds by the crossing of any lesser 
number : how, for instance, could a pouter be produced by crossing 
two breeds unless one of the parent-stocks possessed the charac- 
teristic enormous crop 1 The supposed aboriginal stocks must all 
have been rock-pigeons, that is, they did not breed or willingly 
perch on trees. But be.sides C. livia, with its geographical sub- 
species, only t-wo or three other species of rock-pigeons are known *, 
and these have not any of the characters of the domestic breeds. 
Hence the supposed aboriginal stocks must either still exist in the 
countries where they were originally domesticated, and yet be 
unknown to ornithologists ; and this, considering their size, habits, 
and remarkable characters, seems improbable ; or they must have 
become extinct in the wild state. But birds breeding on precipices, 
and good fliers, are unlikely to be exteiminated ; and the common 
rock-pigeon, which has thesamehabitswiththe domestic breeds, h^ 
not been exterminated even on several of the smaller British islets, 
or on the shores of the Mediterranean, Hence the supposed 
extermination of so many species having similar habits with the 
rock-pigeon seams a very rash assumption. Moreover, the several 
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above-named domesticated breeds Iiave been transported to all 
parts of the world, and, therefore, some of tliem must liave been 
carried back again into tiicir native country ; but not one lias 
become wild or feral, tkougli the dovecot-pigeon, whicli is the rock- 
pigeon in a very slightly altered state, lias become feral in several 
places. Again, all recent experience shows that it is difficult to 
get wild animals to breed freely under domestication ; yet on the 
hypothesis of the multiple origin of our iiigeons, it must be assumed 
that at least seven or eight species were so thoroughly domesticated 
in ancient times by lialf-civilised man, as to be quite prolific under 
confinement. 

An argument of great weight, and applicable in several other 
cases, is, that the above-specified breeds, though agreeing generally 
with the wild rock-pigeon in constitution, habits, voice, colouring, 
and in most parts of their structure, yet are certainly highly abnor- 
mal ill other parts ; we may look in vain through the whole great 
family of Goiunibidte for a beak like that of the English carrier, 
or that of the short-faced tumbler, or barb ; for reversed feathers 
like those of the Jacobin ; for a crop like that of the pouter ; for 
tail-feathers like those of the fantail. Hence it must be assumed 
not only that half -civilised man succeeded in thoroughly domesti- 
cating several species, but that he intentionally or by chance picked 
out extraordinarily abnormal species ; and further, that these very 
species have since all become extinct or unknown. So many strange 
contingencies are improbable in the highest degree. 

Some facts in regard to the colouring of pigeons well deserve 
consideration. The rock-pigeon is of a slaty-blue, with white loins ; 
but the Indian sub-species, C. intermedia of Strickland, has this 
part bluish. The tail has a terminal dark bar, with the outer 
feathers externally edged at the base with white. The wings have 
two black bars. Some semi-domestic breeds, and some truly wild 
breeds, have, besides the two black bars, the wings chequered with 
black. These several marks do not occur togetlier in any other 
species of the whole family. Now, iu every one of the domestic 
breeds, taking thoroughly well-bred birds, all the above marks, 
even to the white edging of the outer tail-feathers, sometimes 
concur perfectly developed. Moreover, when birds belonging to 
two or more distinct breeds are crossed, none of which are blue or 
have any of the above-specified marks, the mongrel ojGTspring are 
very apt suddenly to acquire these characters. To give one instance 
out of several wMeh I have observed : — I crossed some white 
fantails, which breed vepr true, with some black barbs — and it so 
happens that blue varieties of barbs are so rare that I never heard 
of an instance in England ; and the mongrels were Mack, brown, 
and mottled. I also crossed a barb with a spot, which is a white 
bird with a red tail and red spot on the forehead, and which 
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I have discussed the probable origin of domestic pigeons at some, 
yet quite insufficient, length ; because when I first kept pigeoiivS 
and watched the several kinds, well knowing how truly they breed, 
I felt fully as much difficulty in believing that since they had been 
domesticated they had all proceeded from a common parent, as 
any naturalist could in coming to a similar conclusion in regard 
to the many species of finches, or other groups of birds, in nature. 
One circumstance has struck me much ; namely, that nearly all 
the breeders of the various domestic animals and the cultivators 
of plants, with whom I have conversed, or whose treatises I have 
read, are firmly convinced that the several breeds to which each 
has attended, are descended from so many aboriginally distinct 
species. Ask, as I have asked, a celebrated raiser of Hereford 
cattle, whether Ms cattle might not have descended from Long- 
horns, or both from a common parent-stock, and he will laugh you 
to scorn. I have never met a pigeon, or poultry, or duck, or rabbit 
fancier, who w’as nofc fully convinced that each main breed was 
descended from a distinct species. Van Mons, in his treatise on 
pears and apples, shows how utterly lie disbelieves that the several 
sorts, for instance a Ribston-pippin or Codlin-apple, could ever 
have proceeded from the seeds of the same tree. Innumerable 
other examples could be given. The explanation, I think, is 
simple : from long-continued study they are strongly impressed 
with the differences between the several races ; and though they 
weE know that each race varies slightly, for they win their prizes 
by selecting such slight differences, yet they ignore all general 
arguments, and refuse to sum up in their minds slight differences 
accumulated during many successive generations. May not those 
naturalists who, knowing far less of the laws of inheritance than 
does the breeder, and knowing no more than he does of the inter- 
mediate links in the long lines of descent, yet admit that many of 
our domestic races are descended from the same parents — may 
they not learn a lesson of caution, when they deride the idea of 
species in a state of nature being lineal descendants of other species I 

Principles of Selection anciently followed^ and their Effects. 

Let us now briefly consider the steps by which domestic races 
have been produced, either from one or from several allied species. 

effect may be attributed to the direct and definite action of 
the external conditions of life, and some to habit; but he would be 
a bold man who would account by such agencies for the differences 
between a dray- and race-horse, a greyhound and bloodhound, a 
carrier and tumbler pigeon. One of the most remarkable features 
in our domesticated races is that we see in them adaptation, not 
indeed to the animal*s or plant’s own good, but to man’s use or 
fancy. Some variations useM to him have probably arisen sud* 
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deAl:r, or by one step ; many botanists, for instance, believe tbat 
t lie fuller s teasel, its books, wliieb cannot be rivalied by any 
mechanical contrivance, is only a variety of the ivild Dipsacus ; 
and this amount of change may have suddenly arisen in a seedling. 
So it has probably been vritb the turnsynt dog ; and this is tnown 
to have been the ca*e vith the ancon sheep. But when we com- 
pare the dray-horse and race-horse, the dromedary’- and camel, the 
■^■arious breeds of sheep fitted either for cultivated land or mountain 
pasture, with the wool of one breed good for one pimpose, and that 
of another breed for another purpose ; when we compare the many 
breeds of dogs, each good for man in different ways ; when we com- 
pare the game-cock, so pertinacious in battle, with other breeds so 
little quarrelsome, with “ everlasting layers ” yhich never desire to 
w=iit, and mth the bantam so small and elegant ; when we compare 
the host of agricultural, culinary, orchard, and flower-garden races 
of plants, most useful to man at different seasons and for different 
purposes, or so beautiful in his eyes, we must, I think, look further 
than to mere variability. We cannot suppose that all the breeds 
were suddenly produced as perfect and as useful as we now see 
them ; indeed, in many cases, we know that this has not been their 
history. The key is man’s power of accumulative selection : nature 
gives successive variations ; man adds them up in certain direc- 
tions useful to him. In this sense he may be said to have made 
for himself useful breeds. 

The great power of this principle of selection is not hypotheti- 
cal It is certain that several of our eminent breeders have, even 
within a single lifetime, modified to a large extent their breeds of 
cattle and sheep. In order fully to realise what they have done, it 
is almost necessary to read several of the many treatises devoted to 
this subject, and to inspect the animals. Breeders habitually speak 
of an animal’s organisation as something plastic, which they can 
model almost as they please. If I had space I could quote nume- 
rous passages to tMs effect from highly competent authorities. 
Youatt, who was probably better acquainted with the works of 
agriculturists than almost any other individual, and who was 
himself a very good judge of animals, speaks of the principle of 
selection as “that which enables the agriculturist, not only to 
modify the character of Ms fiiock, but to change it altogether. It 
is the magician’s wand, by m^ns of wMch he may summon into 
life whatever form and mould he pleases,” Lord Somerville, speak- 
ing of what breeders have done for sheep, says “ It would seem 
as if they had chalked out upon a wall a form perfect in iteelf, and 
then had given it existence,” In Saxony the importance of the 
principle of selection in regard to merino sheep is so fully recog- 
nised, that men follow it as a trade : the sheep are placed on a table 
tjnd are studied, like a picture by a connoisseur ^ iJiis is done three 
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times at intervals of months, and the sheep are each time marked 
and classed, so that the very best may ultimately be selected for 
breeding. 

What English breeders have actually effected is proved by the 
enormous prices given for animals 'with a good pedigree ; and these 
have been exported to almost every quarter of the world. The im- 
provement is by no means generally due to crossing different 
breeds ; all the best breeders are strongly opposed to this practice, 
except sometimes amnngst closely allied sub-breeds. And when a 
cross has been made, the closest selection is far more indispensabk 
even than in ordinary cases. If selection consisted merely in sepa- 
rating some very distinct variety, and breeding from it, the prin- 
ciple vroiild be so obvious as hardly to be worth notice ; but its 
importance consists in the great effect produced by the accumula- 
tion in one direction, during successive generations, of differences 
absolutely inappreciable by an uneducated eye — differences which 
I for one have vainly attempted to appreciate. Not one man in a 
thousand has accuracy of eye and judgment sufficient to become 
an eminent breeder. If gifted with these qualities, and he studies 
his subject for years, and devotes his lifetime to it vdth indomitable 
perseverance, ho will succeed, and may make great improvements ; 
if ho wants any of these qualities, he will assuredly fail. Few 
would readily believe in the natural capacity and years of practice 
requisite to become even a .skilful pigeon-fancier. 

The same principles are followed by horticulturists ; but the 
variations are here often more abrupt. No one supposes that our 
choicest productions have been produced by a single variation 
from the aboriginal stock. We have proofs that this has not been 
m in several cases in which exact records have been kept ; thus, to 
give a very trifling instance, the steadily-increasing size of the 
common gooseberry may be quoted. We see an astonishing im- 
provement in many florists’ flowers, when the flowers of the present 
day are compared with drawings made only twenty or thirty years 
ago, \¥h&n a race of plants is once pretty well established, the 
seed-raisers do not pick out the best plants, but merely go over 
their seed-hods, and pull up the ‘‘rogues,” as they call the plants 
that deviate from the proper standard. With animals this kind of 
selection is, in fact, likewise followed ; for hardly any one is so 
careless as to breed from Ms worst animals. 

In regard to plants, there is another means of observing the 
accumulated effects of selection — namely, by comparing the di- 
versity of flowera in the different varieties of the same species in 
the flower-garden; the diversity of leavas, pods, or tubers, or 
whatever part is valued, in the kitchen-garden, in comparison 
with the flowers of the same varieties ; and the diversity of fruit 
of the same species in the orchard, in comparison with the leaves 
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and fiowers of the Fame set of Tarieties. See how diSereiit the 
leaves of the cabbage are, and how extremely alike the flowers ; 
how unlike tb^e liowers of the heartsease are, and liow alike the 
leaves ; how inncli the fruit of the different kinds of gooseberries 
diner in size, colour, shape, and hairiness, and yet the fiowers 
present very sliglit dihorenccs. It is not that the varieties which 
diiier largely in some one point do not differ at all in other points ; 
this is liarJi}'' ever, — I speak after careful observation, — perhaps 
never, the case. The law of correlated variation, the importance 
of wliich should never be overlooked, will ensure some differences ; 
but, as a general rule, it cannot be doubted that the continued 
selection of slight variations, either in the leaves, the fiowers, or 
the fruit, will produce races differing from each other chiefly in 
these characters. 

It may be objected that the principle of selection has been 
reduced to methodical practice for scarcely more than three- 
quarters of a century ; it has certainly been more attended to of 
iate years, and many treatises have been published on the subject ; 
and the result has been, in a corresponding degree, rapid and im- 
portant. But it is very far from true that the principle is a modern 
discovery. I could give several references to works of high anti- 
quity, in which the full importance of the principle is acknow- 
ledged. In rude and barbarous periods of English history choice 
animals were often imj^orted, and laws were passed to prevent 
their exportation ; the destruction of horses under a certain size 
was ordered, and this may be compared to the “ roguing ” of plants 
by nurserymen. The principle of selection I find distinctly given 
in an ancient Chinese encyclopaedia. Explicit rules are laid down 
by some of the Roman classical writers. From passages in Genesis, 
it is clear that the colour of domesticated animals was at that early 
period attended to. Savages now sometimes cross their dogs with 
wild canine animals, to improve the breed, and they formerly did 
so, as is attested by passages in Pliny. The savages in South 
Africa match their draught cattle by colour, as do some of the 
Esquimaux their teams of dogs. Livingstone states that good 
domestic breeds are highly valued by the negroes in the interior 
of Af rica who have not associated with Europeans. Some of these 
facts do not show actual selection, but they show that the breeding 
of domestic animals was carefully attended to in ancient times, and 
is now attended to by the lowest savages. It would, indeed, have 
been a strange fact, had attention not been paid to breeding, for 
the inheritance of good and bad qualities is so obvious. 

Uncomcwim Selection. 

At the present tim^ eminent breeders try by methodical selec- 
tion, with a distinct object in view,, to make a new strain w lub* 
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breed, superior to aii3rtMng of the kind in the country. But, for 
our purpose, a form of Selection, which may he called Unconscious, 
and which results from every one trying to possess and breed from 
the best individual animals, is more important. Thus, a man who 
intends keeping pointers natoaliy tries to get as good dogs as he 
can, and afterwards breeds from his own best dogs, but he has no 
wish or expectation of permanently altering the breed. Never- 
theless we may infer that this process, continued during centuries, 
ivould improve and modify any breed, in the same way as Balrewell, 
Collins, etc., by this very same process, only carried on more 
methodically, did greatly modify, even during their lifetimes, the 
forms and qualities of their cattle. Slow and insensible changes of 
this kind can never be recognised unless actual measurements or 
careful dramngs of the breeds in question have been made long 
ago, which may serve for comparison. In some cases, however, 
unchanged, or but little changed individuals of the same breed 
exist in less civilised districts, where the breed has been less im- 
proved. There is reason to believe that King Charles’s spaniel has 
been unconsciously modiiied to a large extent since the time of 
that monarch. Some highly competent authorities are convinced 
that the setter is directly derived from the spaniel, and has pro- 
bably been slowly altered from it. It is known that the English 
pointer has been greatly changed -within the last century, and in 
this case the change has, it is believed, been chiefly ejflected by 
crosses with the foxhound : but what concerns us is, that the 
change has been effected unconsciously and gradually, and yet so 
effectually, that, though the old Spanish pointer certainly came 
from Spain, Mr. Borrow has not seen, as I am informed by him, 
any native dog in Spain like our pointei*. 

By a simple process of selection, and by careful training, English 
racehorses have come to surpass in fleetness and size the parent 
Arabs, so that the latter, by the regulations for the Goodwood 
Kaces, are favoured in the weights which they carry. Lord 
Spencer and others have shown how the cattle of England have 
increased in weight and in early maturity, compared with the 
stock formerly kept in this country. By comparing the accounts 
given in various old treatises of the former and present state of 
carrier and tumbler pigeons in Britain, India, and Persia^ we can 
trace the stages through which they have insensibly passed, and 
come to differ so greatly from the rock-pigeon. 

Youatt gives an excellent Olustration of the effects of a course of 
selection, which may be considered as unconscious, in so far that 
the breeders could never have expected, or even wished, to produce 
the result which ensued — namely, the production of two distinct 
strains. The two flocks of Leicester sheep kept by Mr. Buckley 
and Mr. Buriress. as Mr. Youatt remarks, “have been purely bred 
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from the original stock of Mr.Bakewell for uirwards of fiftj' years. 

Tliere is not a suspicion existing in the mind of any one at all 
aciinainted with the subject, tiiat the ot, ner of either of them has 
de^nated in any one inslanco from the pure blood of Bakewell’s 
lloclij and yet the diiference between the sheep possessed by these 
two gentlemen is so great that they have the appearance of being 
quite different varieiics.'’ 

If there exist savages so barbarous as never to think of the 
inherited character of the offspring of their domestic animals, yet 
any one animal j>articTilarly useful to them, for any special pur- 
pose, would be carefully preserved during famines and other acci- 
dents, to which savages are so liable, and such choice animals 
would thus generally leave more offspring than the inferior ones ; 
so that in this case there would be a kind of unconscious selection 
going on. We see the value set on animals even by the barbarians 
of Tierra del Fiiego, by their killing and devouring their old women, 
in times of dearth, as of less value than their dogs. 

In plants the same gradual process of improvement, through the 
occasional preservation of the best individuals, whether or not 
sufficiently distinct to be ranked at their first appearance as dis- 
tinct varieties, and whether or not two or more species or races 
have become blended together by crossing, may plainly be recog 
nised in the increased size and beauty which we now see in the 
varieties of the heartsease, rose, pelargonium, dahlia, and other 
plants, when compared with the older varieties or with their 
parent-stocks. Is o one would ever expect to get a first-rate hearts- 
ease or dahlia from the seed of a wild plant. No one would expect 
to raise a first-rate melting pear from the seed of the wdld pear, 
though he might succeed from a poor seedling growing wild, if it 
had conxe from a garden-stock. The pear though cultivated in 
classical times, appears, from Pliny’s description, to have been a 
fruit of very inferior quality. I have seen great surprise expressed 
in horticultural works at the wonderful skill of gardeners, in 
having produced such splendid results from such poor materials ; 
but the art has been simple, and, as far as the final result is con- 
cerned, has been followed almost unconsciously. It has consisted 
in always cultivating the best-known variety, sowing its seeds, and, 
when a slightly better variety chanced to appear, selecting it, and 
so onwards. But the gardeners of the classical period, who culti- 
vated the best pears which they could procure, never thought what 
splendid fruit we should eat ; though we owe our excellent fruit in 
some small degree, to their having naturally chosen and preserved 
the best varieties they could anywhere find, 

A large amount of chang^ thus slowly and unconsciously ac- 
cumulate explains^ as I believe, the well-known fact, that in a 
number of oases we cannot recognise^ and therefore do not kuo% 
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tlie mid parent-stocks of tlie plants whick have been longest culti- 
vated in OTir flower and kitchen gardens. If it has taken centuries 
or thousands of years to improve or modify most of our plants up 
to their present standard of usefulness to man, we can understand 
how it is that neither Australia, the Cape of Good Hope, nor any 
other region inhabited by quite uncivilised man, has afforded us a 
single plant worth culture. It is not that these countries, so rich 
in species, do not by a strange chance possess the aboriginal stocks 
of any useful plants, but that the native pffants have not been 
improved by continued selection up to a standard of perfection 
comparable with that acquired by the plants in countries anciently 
civilised. 

In regard to the domestic animals kept by uncivilised man, it 
should not be overlooked that they almost always have to struggle 
for their own food, at least during cei*tain seasons. And in two 
countries very differently circumstanced, individuals of the same 
species, having slightly different constitutions or structure, would 
often succeed better in the one country than in the other ; and thus 
by a process of ‘"natural selection,” as will hereafter be more fully 
explained, two sub-breeds might be formed. This, perhaps, partly 
explains why the varieties kept by savages, as has been remarked 
by some authors, have more of tlie character of true species than 
the varieties kept in civilised countries. 

On the view here given of the important part which selection by 
man has played, it becomes at once obvious, how it is that our 
domestic races show adaptation in their structure or in their habits 
to man’s wants or fancies. We can, I think, further understand 
the frequently abnormal character of our domestic races, and like- 
wise their differences being so great in external characters, and 
relatively so slight in internal parts or organs. Man can hardly 
select, or only with much difficulty, any deviation of structure 
excepting such as is externally visible ; and indeed he rarely cares 
for what is internal. He can never act by selection, excepting on 
variations which are first given to him in some slight degree by 
nature. Ho man would ever try to make a fautail till he saw a 
pigeon with a tail developed in some slight degree in an unusual 
manner, or a pouter till he saw a pigeon with a crop of somewhat 
unusual si:2e ; and the more abnormal or unusual any character 
was when it first appeared, the more likely it would be to catch Ms 
attention. But to use such an expression as trying to make ei fan- 
tail, is, I have no doubt, in most cases, utterly incorrect. The man 
who first selected a pigeon with a slightly larger tail, never dreamed 
what the descendants of that pigeon would become through long- 
continued, partly unconscious and partly methodical, selection. 
Perhaps the parent-bird of all fantails had only fourteen tail-feathers 
somewhatexpandedjlikethe present Java fantail,or like individuals 
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01 other and clisiinet breeds, in whicb as man3^ as serenteeii tail- 
featlicrs have been counted- Perhaps the first pouter-pigeon did 
Bol inflate its crop inucli more than the turbit now does the upper 
part of its oesophagus, — a habit which is disregarded by all fanciers, 
as it is no: one of the points of the breed. 

Nor lot it be lliouglit that some great deviation of structure would 
be neces^aiy to catch the fancier’s eye : he perceive- estremely small 
differences, and it is in hiimau nature to fanct' novelty, however 
rdight-, in one's own possession. Nor must the value which would 
formerly have been set on anj’ slight difierences in the individuals 
of the same species, be judged of by the value which is now set on 
them, after several breeds have fairly been established. It is known 
that with pigeons many slight variations now occasional!}’ appear, 
but these are rejected as faults or de\iations from the standard of 
perfection in each breed. The common goose has not given rise to 
any marked varieties ; hence the Toulouse and the common breed, 
which differ only in colour, that most fieeting of characters, have 
lately been exhibited as distinct at our poultr^’-sliows. 

These views appear to explain what has sometimes been noticed 
—namely, that we know* hardly anything about the origin or history 
of any of our domestic breeds. But, in fact, a breed, like a dialect 
of a language, can hardly be said to have a distinct origin. A man 
preserves and breeds from an individual with some slight deviation 
of structure, or takes more care than usual in matching his best 
animals, and thus iinprovevS them, and the improved animals slowly 
spread in the immediate neighbourhood. But they will as yet hardly 
have a distinct name, and from being only slightly valued, their 
history will have been disregarded. When further improved by the 
same slow and gradual process, they will spread more widely, and 
will be recognized as something distinct and valuable, and will then 
probably first receive a provincial name. In semi-civilised countries, 
with little free communication, the spreading of a new sub-breed 
would be a slow process. As soon as the points of value are once 
acknowledged, the principle, as I have called it, of unconscious 
selection will always tend, — perhaps more at one period than at 
another, as the breed rises or falls in fashion,— perhaps more in one 
district than in another, according to the state of civilisation of the 
inhabitants, — slowly to add to the characteristic features of the 
breed, whatever they may be. But the chance will be infinitely 
small of any record having been preserved of such slow, varying, 
and insensible changes. 

Circum&Hmes favowrabU to Man^s Fow^ of SdeefimL 

I will now say a few words on the circumstances, favourable, or 
reverse, to inan% power of selection. A high degree of varieMJily 
IS etoviously favourafelo, as freely giving the materials fpr sekiicm 
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to work on ; not tliat mere individual differences are not amply 
sufficient, witk extreme care, to allow of the accumulation of a large 
amount of modification in almost any desired direction. But as 
variations manifestly useful or pleasing to man appear only occa- 
sionally, the chance of their appearance will be much increased by 
a large number of individuals being kept. Hence, number is of 
the highest importance for success. On this principle Marshall 
formerly remarked, with respect to the sheep of parts of Yorkshire, 
** as they generally belong to poor people, and are mostly m small 
lotSy they never can be improved.” On the other hand, nurserymen, 
from keeping large stocks of the same plant, are generally far more 
successful than amateurs in raising new and valuable varieties. A 
large number of individuals of an animal or plant can be reared 
only where the conditions for its propagation are favourable. When 
the individuals are scanty, aU will be allowed to breed, whatever 
their quality may be, and this will effectually prevent selection. 
But probably the most important element is that the animal or 
plant should be so highly valued by man, that the closest attention 
is paid to even the slightest deviations in its qualities or structure. 
Unless such attention be paid nothing can be effected. I have seen 
it gravely remarked, that it was most fortunate that the strawberry 
began to vary just when gardeners began to attend to this plant. 
No doubt the strawberry had always varied since it was cultivated, 
but the slight varieties had been neglected. As soon, however, as 
gardeners picked out individual plants with slightly larger, earlier, 
or better fruit, and raised seedlings from them, and again picked 
out the best seedlings and bred from them, then (with some aid by 
crossing distinct species) those many admirable varieties of the 
strawberry were raised which have appeared during the last half- 
century. 

With animals, facility in preventing crosses is an important 
element in the formation of new races, — at least, in a country which 
is already stocked with other races. In this respect enclosure of the 
land plays a part. Wandering savages or the inhabitants of open 
plains rarely possess more than one breed of the same species. 
Pigeons can be mated for life, and this is a great convenience to the 
fancier, for thus many races may be improv^ and kept true, though 
mingM in the same aviary; and this circumstance must have 
largely favoured the formation of new breeds. Pigeons, I may add, 
can be propagated in great numbers and at a very quick rate, and 
inferior birds may be freely rejected, as when killed they serve for 
food. On the other hand, cats, from their nocturnal rambling habits, 
cannot be easily matched, and, although so much valued by women 
and children, we rarely see a distinct breed long kept up ; such breeds 
as we do sometimes see are almost always imported from some other 
country. Although I do not doubt that some domestic animals 
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vary less tlian ot-lierSj yet the rarity or absence of distinct breeds of 
the cat, the donkey, peacock, goose, &c., may be attributed i;i main 
j)art to selection not having been brought into play : in cats, from 
the difficulty in pairing them ; in donkeys, from only a few being 
kept by poor people, and little attention paid to their breeding ; for 
recently in certain parts of Spain and of the United States this 
animal has been sifiTrisingly modified and improved by earem! 
selection : in peacocks, from not being very easily reared and a large 
stock not kept : in geese, from being valuable only for two purposes, 
food and feathers, and more especially from no pleasure having 
been felt in the display of distinct breeds ; but the goose, under 
the conditions to which it is exposed when domes dcated, seems to 
have a singularly inflexible organisation, though it has varied to 
a slight extent, as I have elsewhere described. 

Some authors have maintained that the amount of variation in 
our domestic productions is soon reached, and can never afterwards 
be exceeded. It would be somewhat rash to assert that the iimir 
has been attained in any one case ; for almost all our animals and 
plants have been greatly improved in many "ways within a recent 
period ; and this implies variation. It would be equally rash to 
assert that characters now increased to their usual limit, could not, 
after remaining fixed for many centuries, again vary under new 
conditions of life. ISTo doubt, as Mr. Wallace has remarked with 
much truth, a limit will be at last reached. For instance, there 
must be a limit to the fleetness of any terrestrial animal, as this 
will be determined by the friction to be overcome, the w’eight of 
body to be carried, and the power of contraction in the muscular 
fibres. But what concerns us is that the domestic varieties of the 
same species differ from each other in almost every character, which 
man has attended to and selected, more than do the distinct species 
of the same genera. Isidore Geoffrey St. Hilaire has proved this 
in regard to size, and so it is with colour and probably with the 
length of hair. With respect to fleetness, which depends on many 
bodily characters, Eclipse was far fleeter, and a dray-horse is in- 
comparably stronger than any two natural species belonging to 
the same genus. So with plants, the seeds of the different varie- 
ties of the bean or maize probably differ more in size, than do the 
seeds of the distinct species in any one genus in the same two 
families. The same remark holds good in regard to the fruit of 
the several varieties of the plum, and still more strongly with the 
melon, as well as in many other analogous cases. 

To sum up on the origin of our domestic races of animals and 
plants. Changed conditions of life are of the highest importance 
in casing variability, both by acting directly on the organisation, 
and indirectly by affecting the reproductive system. It is not 
probable that variability is an inherent and necessary contingent 
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uiider all circumstances. Tlie greater or less force of inlieritance 
and reversion determine whether variations shall endure. Varia- 
bility is governed by many unknown laws, of wliicli correlated 
gro'v^h is probably the most important. Something, but how 
much we do not know, may be attributed to the definite action of 
the conditions of life. Some, perhaps a great, efl:ect may be attri- 
buted to the increased use or disuse of parts. The final result is 
thus rendered infinitely complex. In some cases the intercrossing 
of aboriginally distinct species appears to have played an important 
part in the origin of our breeds. When several breeds have once 
been formed in any country, their occasional intercrossing, with the 
aid of selection, has, no doubt, largely aided in the formation of 
new sub-breeds ; but the importance of crossing has been much 
exaggei-atcd, both in regard to animals and to those plants which 
are propagated by seed. "With plants which are temporarily propa- 
gated by cuttings, buds, &c., the importance of crossing is im- 
mense ; for the cultivator may here disregard the extreme variability 
both of hybrids and of mongrels, and the sterility of hybrids ; but 
plants not propagated by seed are of little importance to us, for 
their endurance is only temporary. Over all these causes of 
Change, the accumulative action of Selection, whether applied 
methodically and quickly, or unconsciously and slowly but more 
efficiently, seems to have been the predominant Power. 


CHAPTER II 
Vaeiatiok under Nature, 

Tariahility — Individual differences — Doubtful species — ^Wide ranging, mueh 
diffu^, and common species, vary most — Species of the larger genera in 
each country vary more frequently than the species of the smaller genera 
— Hany of the species of the larger genera resemble varieties in being 
very closely, but unequally, related to each other, and in having restricted 
ranges. 

Before applying the principles arrived at in the last chapter to 
organic beings in a state of nature, we must briefly discuss whether 
these latter are subject to any variation. To treat this subject 
properly, a long catalogue of dry facts ought to he given ; but these 
I shall reserve for a future work. Nor shall I here discuss the 
various definitions which have been given of the term species. No 
one definition has satisfied all naturalists ; yet every naturalist 
knows vaguely what he means when he speaks of a species. Gene- 
rally the term include the unknown element of a distinct act of 
creation. The term “ variety is almost dually difficult to 
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define ; but iiere community of descent is almost uiiiversaily im- 
plied, it can rarely be i>rove€l. We liave al^o wliat are 

called monstrosities ; but they graduate into %mrietios. JJy a inoii- 
birosity I pre^iinic is meant some considerable deviation ci .>True- 
ture, generally inj urious, or not iiseM to the species. F,v )ine authors 
use the term variation ” in a technical sense, as iiQ} dying a inodi- 
lication directly due to the physical condidoiLs of life ; and ‘"varia- 
tions ’’ in tills sense are supposed not to be inhenmd ; Imt who can 
say that the dtvarfed condition of shells in the brackish waters of 
the Baltic, or dwarfed jdants on Alpine summits, or the thicker fur 
of an animal from far northwards, would not in some cases be in- 
herited for at least a few generations ? and in this care I presume 
that the form would be called a variety. 

It may be doubted whether sudden and considerable deviations 
of structure such as w'e occasionally see in our domestic produc- 
tions, more especially with plants, are ever permanently propagated 
in a state of nature, xllaiost ex'ery part of every organic being is 
so beautifully related to its complex conditions of life that it seems 
as improbable that any part should have been suddenly produced 
X>erfect, as that a complex machine should have been invented by 
man in a perfect state. Under domestication monstrosities some- 
times occur w'hich resemble normal structures in widely different 
animals. Thus pigs have occasionally been born with a sort of 
proboscis, and if any wild sj'^ecies of the same genus had naturally 
possessed a proboscis, it might have been argued that this had 
appeared as a monstrosity ; but I have as yet failed to find, after 
diligent search, cases of monstrosities resembling normal structures 
in nearly allied forms, and these alone bear on the question. If 
monstrous forms of this kind ever do appear in a state of nature 
and are capable of reproduction (which is not always the case), as 
they occur rarely and singly, their preservation would depend on 
unusually favourable circumstances. They would, also, during the 
first and succeeding generations cross with the ordinaiy form, and 
thus their abnonual character would almost inevitably be lost. 
But I shall have to return in a future chapter to the preservation 
and perpetuation of single or occasional variations, 

Iniividmd Differences, 

The many slight differences which appear in the offspring from 
the same parents, or which it may be presumed have thus arisen, 
from being observed in the individuals of the same species inhabit- 
ing the same confined locality, may be called individual differences. 
No one supposes that all the individuals of the same species are 
east in the same actual mould. These individual differences are of 
ligheBt importance for us, for they are often inherited, as iiH®t 
be f ahiHiar to eyfery one ; and they thus afford materials for aatuml 
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selection to act on and accumulate, in the same manner as man 
accumulates in any ^ven direction individual differences in Hs 
domesticated productions. These individual differences generally 
affect what naturalists consider unimportant parts ; but I could 
show by a long catalogue of facts, that parts which must be called 
important, whether viewed under a physiological or classificatory 
point of view, sometimes vary in the individuals of the same species. 
I am convinced that the most experienced naturalist would be sur- 
prised at the number of the cases of variability, even in important 
parts of structure, which he could collect on good authority, as I 
have collected^ during a course of years. It should be remembered 
that systomatists are far from being pleased at finding variability 
in important characters, and that there are not many men who will 
laboriously examine internal and important organs, and compare 
them in many specimens of the same species. It would never have 
been expected that the branching of the main nerves close to the 
great central ganglion of an insect would have been variable in the 
same species ; it might have bocn thought that changes of this 
nature could have been effected only by slow degrees ; yet Sir J. 
Lubbock has shown a degree of variability in these main nerves in 
Coccus, which may almost be compared to tho irregular branching 
of the stem of a tree. This philosophical naturalist, I may add, 
has also shown that the muscles in the larvae oi certain insects are 
far from uniform. Authors sometimes argue in a circle when they 
state that important organs never vary ; for these same authors 
practically rank those parts as important (as some few naturalists 
have honestly confessed) which do not vary; and, under this point 
of view, no instance will ever be found of an important part vary- 
ing ; but under any other point of view many instances assuredly 
can be given. 

There is one point connected with individual differences, which 
Is extremely perplexing : I refer to those genera which have been 
called “protean” or “ polymorphic,” in which the species present 
an inordinate amount of variation. With respect to many of these 
forms, hardly two naturalists agree whether to rank them as species 
or as varieties. We may instance Rubus, Rosa, and Hieracium 
amongst plants, several genera of insects and of Brachiopod shells. 
In most polymorphic genera some of the species have fixed and 
definite characters. Genera which are polymorphic in one country 
seem to be, with a few exceptions, polymorphic in other countries, 
and likewise, judging from Brachiopod shells, at former periods of 
time. These facts are very perplexing, for they seem to show that 
this kind of variability is independent of the conditions of life. 
I am inclined to suspect that we see, at least in some of these 
polymorphic genera, variations which are of no service or disservice 
to the species, and which consequently Imye not been seized on 
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and rendered deiinite Ijy natural selection, as Iiereafter to bo 
explaii.eJ. 

Indiridualto (>i tlie same species often presen a as is dnortn lo 
every one, greac diierenees of structure, intlepeit.iently of viiria- 
tion, as in ilie tuo sexes of various animals, in tiie tvro or three 
castes of sterile female or workers among&t insects, and in the 
ininiature and Ian cl states of many of the lower animals. There 
are, also, cases cf direerphism and trimorrdiism, both tvitli animals 
and plants. Thus, hir. hrailacc, who lias lately called attention 
to the subject, has shown that the feiiipJes oi certain species of 
butteriiies, in the Malayan archipeiago, regularly appear under 
two or even three con.-^picuouLuy distinct forms, not connected by 
interm edisite varieiies. Fritz hiuller has described analoi?ous but 
more extraordinary cases T.’iitli tlio males ox certain Brazilian 
Crustaceans : thus, the male of a Tanois rc^riarly occurs under 
two distinct fomns ; one of these has strong and ditiereiidy shaped 
pincers, and the other has anfcennso much more abundantly 
furnished with .smell ing-liairs. Although in most of these biases, 
the two or three forms, both •^vith animals and plants, are not now 
connected by intenuediate gradations, it is probable that they 
were once thus connected. Mr. Wallace, for instance, describes 
a certain butterfly which presents in the same island a great range 
of varieties connected by intermediate links, and the extreme 
links of the chain closely resemble the two forms of an allied 
dimorphic species inhabiting another part of the Malay archi- 
pelago. Thus also with ants, the several w^orker-castes are 
generally quite distinct ; but in some cases, as -we shall hereafter 
see, the castes are connected together by finely graduated varieties. 
So it is, as I have myself observed, with some dimorphic plants. 
It certainly at first appears a highly remarkable fact that the same 
female butterfly should have the power of producing at the 
same time three distinct female forms and a male ; and that an 
hermaphrodite plant should produce from the same seed-capsule 
three distinct hermaphrodite forms, bearing three different kinds 
of females and three -or even six different kinds of males. Never- 
theless these cases are only exaggerations of the common fact that 
the female produces offspring of two sexes which sometimes differ 
from each other in a wonderful manner. 

Dmhtful Species. 

The forms which possess in some considerable^ degree the 
character of species, but which are so closely similar to other 
forms, or are so closely linked to them by intermediate gradations, 
that naturalists do not like to rank them as distinct species, are 
in several respects the most important for us. We have every 
msmn to believe that mmj of th^e doubtful and dosely affied 
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forms Lave pernianeiitly retained their characters for a long time : 
for iivS long, as far as we know, as have good and true species. 
Practically, when a naturalist can unite by means of intermediate 
links any two forms, he treats the one as a variety of the other ; 
ranking the most common, but sometimes the one first described, 
as the species, and the other as the variety. But cases of great 
rlifficulty, which I will not here enumerate, sometimes arise in 
deciding whether or not to rank one form as a variety of another, 
even when they are closely connected by intermediate links ; nor 
■will the commonly-assumed hybrid nature of the intermediate 
forms always remove the difficulty. In very many cases, liowever, 
one form is ranked as a variety of another, not because the inter- 
mediate links have actually been found, but because analogy leads 
the observer to suppose either that they do now somewhere exist, 
or may formerly have existed ; and here a wide door for the entry 
of doubt and conjecture is opened. 

Hence, in determining whether a form should be ranked as a 
species or a variety, the opinion of naturalists having sound judg- 
ment and wide experience seems the only guide to follow. We 
must, however, in many cases, decide by a majority of naturalists, 
for few w'ell-marked and well-known varieties can be named which 
have not been ranked as species by at least some competent 
judges. 

That varieties of this doubtful nature arc far from uncommon 
cannot be disputed. Compare the several floras of Great Britain, 
of France, or of the United States, drawn up by difierent botanists, 
and see %vhat a surprising number of forms have been ranked by 
one botanist as good species, and by another as mere varieties. 
Mr. H. C. Watson, to whom I lie under deep obligation for assist- 
ance of all kinds, has marked for me 182 British plants, which 
are generally considered as varieties, but which have all been 
ranked by botanists as species ; and in making this list he has 
omitted many trifling varieties, but which nevertheless have been 
ranked by some botanists as species, and he has entirely omitted 
several highly polymorphic genera. Under genera, including the 
most polymorphic forms, Mr, Babington gives 251 species, whereas 
Mr. Benthain gives only 112, — a difference of 139 doubtful forms 1 
Amongst animals which unite for each birth, and which are highly 
locomotive, doubtful forms, ranked by one zoologist as a species 
and by another as a variety, can rarely be found within the same 
country, but are common in separated areas- How many of the 
birds and insects in Korth America and Europe, which differ very 
slightly from each other, have been ranked by one eminent 
naturalist as undoubted species, and by another as varieties, or, 
as they are often called, geographical races! Mr. Wallace, in 
several valuable papers on the- various animals, especially on the 
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Lepiclopt^ra, inhabiting the islands cf the great 2\Iala,yaii archi- 
pelago, shows that they may be classed under four heads, namely, 
as variable forms, as local foims, as geographical races or suf)- 
species, and as true representative species. The first or varial Tie 
tomis vary macii within the limits of the same island. The local 
forms are moderately constant and distinct in each separate 
island ; but when all from the several islands are compared 
together, the diflerences are seen to be so slight and grp-dnated, 
that it is impossible to define or describe them, though at the same 
time the extreme forms are sufficiently distinct. The gcograpliical 
races or sub-species are local forms completely fixed and isolated : 
but as they do not differ from each other by strongly marked and 
important characters, “ there is no possible test but individual 
opinion to determine which of them shall be considered as species 
and which as varieties.” Lastly, representative species fill the 
same place in the natural economy of each island as do the local 
forms and sub-species ; but as they are distinguished from each 
other by a greater amount of difference than that between the 
local forms and sub-species, they are almost universally ranked 
by naturalists as true species. ISTevcrtheless, no certain criterion 
can possibly be given by which variable forms, local forms, sub- 
species, and representative species can be recognised. 

Many yearn ago, when comparing, and seeing others compare, 
the birds from the closely neighbouring islands of the Galapagos 
archipelago, one with another, and with those from the American 
mainland, I was much struck how entirely vague and arljitrary is 
the distinction between species and varieties. On the islets of 
the little iladeira group there are many bisects which are cha* 
racterised as varieties in Mr. Wollaston’s admirable work, but 
which would certainly be ranked as distinct species by many 
entomologists. Even Ireland has a few animals, now generally 
regarded as varieties, but which have been ranked as species by 
some zoologists. Several experienced ornithologists consider our 
British red grouse as only a strongly-marked race of a Norwegian 
species, whereas the greater number rank it as an undoubted 
species peculiar to Great Britain. A wide distance between the 
homes of two doubtful forms leads many naturalists to rank them 
as distinct species ; but what distance, it has been well asked, 
will suffice ; if that between America and Europe is ample, will 
that between Europe and the Azores, or Madeira, or the Canaries;, 
or between the several islets of ^ese small archipelagos, be 
sufficient ? 

,Mr. B. D. Walsh, a distinguished entomologist of the United 
States, has describ©! what he calls Phytoph^c varieties and 
Phytophagic species. Most vegetable-feeding insects live on one 
kind of planl or on one gnoup of plants j some feed indiacrimp^ 
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nately on many kinds, but do not in consequence vary. In several 
cases, kowever, insects found living on different plants, Iiave been 
observed by Mr. Walsb to present in tlieir larval or mature state, 
or in both states, slight, though constant differences in colour, 
size, or in the nature of their secretions. In some instances the 
males alone, in other instances both males and females, have been 
observed thus to differ in a slight degree. When the differences 
are rather more strongly marked, and when both sexes and all 
ages are affected, the forms are ranked by all entomologists as 
good species. But no observer can determine for another, even if 
he can do so for himself, which of these Phytophagic forms ought 
to be called species and which varieties. Mr. Vfalsh ranks the 
forms which it may be supposed would freely intercross, as 
varieties; and those which appear to have lost this power, as 
species. As the differences depend on the insects having long fed 
on distinct plants, it cannot be expected that intermediate links 
connecting the several forms should now be found. The naturalist 
thus loses his best guide in determining whether to rank doubtful 
forms as varieties or species. This likewise necessarily occurs 
with closely allied organisms, which inhabit distinct continents 
or islands. "When, on the other hand, an animal or plant ranges 
over the same continent, or inhabits many islands in the same 
archipelago, and presents different forms in the different areas, 
there is always a good chance that intermediate fonns will be 
discovered which will link together the extreme states ; and these 
are then degraded to the rank of varieties. 

Some few naturalists maintain that animals never present 
varieties ; but then these same naturalists rank the slightest 
difference as specific value ; and when the same identical form 
is met with in two distant countries, or in two geological forma- 
tions, they believe that two distinct species are hidden under the 
same dress. The term species thus comes to be a mere useless 
abstraction, implymg and assuming a separate act of creation. It 
is certain that many forms, considered by highly-competent judges 
to be varieties, resemble species so completely in character, that 
they have been thus ranked by other highly-competent judges. 
But to discuss whether they ought to be called species or varieties, 
before any definition of these terms has been generally accepted, 
is vainly to beat the air. 

Many of the cases of strongly-marked varieties or doubtful 
species well deserve consideration ; for several interesting lines 
of ar^ment, from geographical distribution, analogical variation, 
hybridism, &c., have been brought to bear in the attempt to 
determine their rank ; but space does not here permit me to 
discuss them, ^ Close investigation, in many eases, will no doubt 
bring naturalists to agree how to rank doubtful forms. Yet it 
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be eoiifc'S&ed that it is in tlic best knoTrn C':‘n:itxTe>', that t;© 
fiiid tlie greatGf^t; number of them. T have been struck \-iith the 
fact, that if any animal or |i]ant in a state of siaT^-iro be liirhly 
useful to man, or from any cause closely attracts ills attention, 
variclies o! it will almo.sr urriver^ally be founu recorded. These 
varieties, moreover, vdll often be ranked by some autli^r'^ a> 
epecies. Look at the common oak, how elo.^eiy it has been 
studied ; yet a German author makes more Uiaii a d<'^zcn species 
out of forms, wliicli are almost universally conshicred by other 
botanists to be varieties; and in this country the liicliest 
botanical authorities and practical men can be piloted to show 
that the sessilo and pedunculated oaks are eiiher good and 
distinct species or mere varieties. 

I may here allude to a remarkable memoir lately published by 
A. do Candolle, on the oaks of the whole world. 'So one ever 
had more ample materials for the discrimination of the species, 
or could have worked on them with more zeal and sagacit}’. He 
first gives in detail all the many points of structure which vary in 
the several species, and estimates numerically the relative frequency 
of the variations. He specifies above a dozen characters which 
may be found varying even on tlie same branch, sometimes 
according to age or development, sometimes without any assign- 
able reason. Such characters are not of course of sx^ecific value, 
but they arc, as Asa Gray has remarked in commenting on this 
memoir, such as generally enter into specific definitions. De 
Candolle then goes on to say that he gives the rank of species 
to the forms that differ by characters never varying on the same 
tree, and never found connected by intermediate states. After 
this discussion, the result of so much labour, he emphatically 
remarks : “ They are mistaken, who repeat that the greater part 
of our species are clearly limited, and that the doubtful species 
are in a feeble minority. This seemed to be true, so long as a 
genus was imperfectly known, and its species were founded upon 
a few specimens, that is to say, were provisional. Just as we 
come to know them better, intermediate forms ffow in, and doubts 
as to specific limits augment.” He also adds that it is the best 
known species which present the greatest number of spontaneous 
varieties and sub-varieties. The Quercus robur has twenty-eight 
varieties, all of which, excepting six, are clustered round three 
sub-species, namely, Q. peduncuiata, sessiliflora, and pubescens. 
The forms which connect these three sub-species are compara- 
tively rare ; and, as Asa Gray again remarks, if these connecting 
forms which are now rare, were to become wholly extinct, the 
three sub-species would hold exactly the same relation to each 
other, as do the four or five provisionally admitted species which 
closely surround the typical Quercus robur. Finally, Be CaudoEa 
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admits that out of the 300 species, Trhich will be enumerated in 
his Prodromus as belonging to the oak family, at least two-thirds 
are provisional species, that is, are not known strictly to fulfil 
the definition above given of a true species. It should be added 
that De Candolle no longer believes that species are immutable 
creations, but concludes that the derivative theory is the most 
natural one, “and the most accordant vdth the knovm facts in 
paleontology, geographical botany and zoology, of anatomical 
strncture and classification.” 

When a young naturalist commences the study of a group of 
organisms quite unknovm to him, he is at first much perplexed in 
determining what differences to consider as specific, and what as 
varietal ; for he knows nothing of the amount and kind of varia- 
tion to which the group is subject ; and this shows, at least, how 
veiy generally there is some variation. But if he confine his 
attention to one class within one country, he will soon make up 
his mind how to rank most of the doubtful forms. His general 
tendency will be to make many species, for he will become im- 
pressed, just like the pigeon or poultry fancier before alluded to, 
with the amount of difference in the forms which he is continually 
studying ; and he has little general knowledge of analogical varia- 
tion in other groups and in other countries, by which to correct 
his first impressions. As he extends the range of his observations, 
he will meet with more cases of difficulty ; for he will encounter 
a greater number of closely-allied forms. But if his observations 
be widely extended, he will in the end generally be able to make 
up his own mind : but he will succeed in this at the expense of 
admitting much variation,— and the truth of this admission will 
often be disputed by other naturalists. When he comes to study 
allied forms brought from countries not now continuous, in which 
case he cannot hope to find intermediate links, he will be com- 
pelled to trust almost entirely to analogy, and his difficulties wOl 
rise to a climax. 

Certainly no clear line of demarcation has as yet been drawn 
between species and sub-species — that is, the forms which in the 
opinion of some naturalists come very near to, but do not quite 
arrive at, the rank of species ; or, again, between sub-species and 
well-marked varieties, or between lesser varieties and individual 
differences. These differences blend into each other by an insen- 
sible series ; and a series impresses the mind with the idea of an 
actual passage. 

Hence I look at individual differences, though of small interest 
to the systematist, as of the highest importance for us, as being 
the first steps towards such slight varieties as are barely thought 
worth recording in works on natural history. And I look at 
varieties which are in any degree more distinct and permanent^ 
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as slaps toY.’GiYuS more strongiy-msrked and permaiiont varieties ; 
and at the latter, as leading to RrJ-j-treiies, and then to species. 
Tlie passage from c.ie stage of dliihreRce to anoLlier may, in many 
rases, le the .“‘irir^.-Ie rcstilt ef the nature the organiNm and o£ 
the diilereut physical conditions to Trliidi it. has long Lcen ex- 
pos td ; but vdth resi^neet to the riore inmurtini md adaptive 
eliaracters, the |fa^sage from one :.mge ot CiLTereniU to another, 
may be safely actrlLuted to the cuiiiuiatiYe action of imiirai 
selection, hereairti* to be explained, and to the effects of this 
increased use or disuse of purh. A well-marked variety may 
therefore be called au incipient opodes ; but irhetlier this belief 
is justiiiable inusi: be judged by the weight of the various facts 
mid consitieraiioiiri to be gh ea throughout this work. 

It need not be supposed that ail varieties or incipient species 
attain the rank of species. They may become extinctj or they may 
endure as varieties for very long ]>&iiods, as has been shown to be 
the case ]»y hir. Wollaston with the varieties of certain fossil 
land-shells in Madeira, and •with iilants by Gaston de Saporta. 
If a variety were to iiourish so as to exceed in numbers the 5>arent 
species, it would then rank as the species, and the species as the 
variety ; or it might come to supplant and extenninate the parent 
species ; or both might co-exiot, and both rank as independent 
species. But we shall hereafter return to this subject. 

"From these remarks it will be seen that I look at the term 
species as one arbitrarily given, for the sake of convenience, to a 
set of individuals closely resembling each other, and that it does 
not essentially diifer from the term variety, which is given to less 
distinct and more fluctuating forms. The term variety, again, in 
comparison with mere individual differences, is also applied arbi- 
trarily, for convenience’ sake. 

Wide-ranging^ much dl fused, and common Specks varg most 

Guided by theoretical considerations, I thought that some inte- 
resting results might be obtained in regard to the nature and 
relations of the species which vary most, by tabulating all the 
varieties ia several well-worked floras. At first this seemed a 
simple task ; but Mr. H. C. Watson, to whom I am much indebted 
for valuable advice and assistance on this subject, soon convinced 
me that there “were many difficulties, as did subsequently Dr, 
Hooker, even in stronger terms, I .shall reserve for a future work 
the discussion of these difficulties, and the tables of the propor- 
tional numbers of the varying species. Dr. Hooker permits me 
to add that after having carefully read my manuscript, and ex- 
amined the tables, he thinks that the following statements are 
fairly well established. The whole subject, how^ever, treated as it 
necessarily here is with much brevity, is rather perplexing, and 
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allusions cannot be avoided to tbo “struggle for existence,” 
“divergence of character,” and other questions, hereafter to be 
discussed. 

Alphonse de Candolle and others have shown that plants which 
have very \wde ranges generally present varieties ; and this might 
have been expected, as they are exposed to diverse physical 
conditions, and as they come into competition (which, as we shall 
hereafter see, is an equally or more important circumstance) with 
different sets of organic beings. But my tables further show that, 
in any limited country, the species which are the most common, 
that is abound most in individuals, and the species which are most 
widely diffused within their ovm country (and this is a different 
consideration from wide range, and to a certain extent from 
commonness), oftenest give rise to varieties sufficiently well- 
marked to have been recorded in botanical w^orks. Hence it is 
the most ffourishxng, or, as they may be called, the dominant 
species, — ^those w’hich range widely, are the most diffused in their 
owm country, and are the most numerous in individuals, — which 
oftenest produce well-marked varieties, or, as I consider them, 
incipient species. And this, perhaps, might have been anticipated ; 
for, as varieties, in order to become in any degree permanent, 
necessarily have to struggle with the other inhabitants of the 
country, the species which are already dominant will be the most 
likely to yield offspring, which, though in some slight degree 
modified, still inherit those advantages that enabled their parents 
to become dominant over their compatriots. In these remarks 
on predominance, it should be understood that reference is made 
only to the forms which come into competition wdth each other, 
and more especially to the members of the same genus or class 
having nearly similar habits of life. With respect to the number 
of individuals or commonness of species, the comparison of course 
relates only to the members of the same group. One of the 
higher plants may be said to be dominant if it be more numerous 
in individuals and more widely diffused than the other plants of 
the same country, wluch live under nearly the same conditions. 
A plant of this kind is not the less dominant because some 
conferva inhabiting the water or some parasitic fungus is infinitely 
more numerous in individuals, and more widely diffused. But if 
the conferva or parasitic fungus exceeds its allies in the above 
respects, it will then be dominant within its own class. 

Species of the Larger Qmera in eaxih Country mry more freqtmitly 
than tlbe Bpedes of the Smaller Genera. 

If the plants inhabiting a country, as described in any Flor% 
be divided into two equal masses, all those in the larger genera 
('/.e., those including many species) being placed on one side, and 
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all iho&3 i:i smaljer geneva on tlic ctlier side, tlic fonaer T'.ill 
be foiiiiCi to iiieindc a ^ome'U'lirA larger niiraher of tnv very 
coninioii and mncli diliiiscd cr dominant .-specie Tbiri nnylit, 
have been anticipated ; Tor tlie mere fact of many epseie::! of tlie 
.-'nine genus inhabiting any caunirjp abov/s that there someiMKg 
iii the organic or inorganic conditions of tliat country favourable 
to tlie genus ; and, eonseoiientiy, we might have expected to have 
found ill the larger genera, or tbo=e including many species, 
a larger proportional nund tcr of dominant species. But so many 
causes tend to obscure this result, that I am surprised that my 
tables show even a small majority on the side of the larger genera. 
I will here allude to only two causes of obscurity. Fresli-water 
and salt-loving plants generally have very 'idde ranges and are 
niiicli difiused, but this seems to be connected with tlie nature 
of tile stations inbabited by them, and has little or no relation to 
the size of tlie genera to wbicb the species belong. Again, plants 
low in tbe scale of organisation are generally much more widely 
diffused than plants bigber in tbe scale ; and here again there is 
no close relation to tbe size of the genera. Tbe cause of lowly- 
organised plants ranging widely be discussed in our chapter 
on Geographical Distribution. 

From looking at species as only strongly-marked and well- 
defined varieties, I w^as led to anticipate that tbe species of tbe 
larger genera in each country' would oftener present %'aiieties, than 
tbe species of tbe smaller genera ; for w'berever many closely 
related species (t>., species of tbe same genus) have been formed, 
many varieties or incipient species ought, as a general rule, to be 
now forming. "Where many large trees grow, we expect to find 
saplings. 1¥bere many species of a genus have been formed 
through variation, circumstances have been favourable for varia- 
tion ; and hence w'e might expect that tbe circumstances would 
generally be still favourable to variation. On the other band, if 
%ve look at each species as a special act of creation, there is no 
apparent reason why more varieties should occur in a group 
having many species, than in one having few. 

To test the truth of this anticipation I have arranged the plants 
of twelve countries, and the coleopterous insects of two districts, 
into two nearly equal masses, the species of the larger genera on 
one side, and those of the smaller genera on the other side, and it 
has invariably proved to be the case that a larger proportion of 
the species on the side of the larger genera presented varieties, 
than on the side of the smaller genera. Moreover, the species of 
the large genera which present any varieties, invariably present 
a larger average number of varieties than do the species of the 
small genera Both these results follow when another division 
is made, and when all the least genera, with from only one to four 
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species, are altogether excluded from the tables. These facts are 
of plain signification on the view that species are only strongly- 
marked and pennauent varieties ; for wherever many species of 
the same genus have been formed, or where, if we may use the 
expression, the manufactory of species has been active, we ought 
generally to find the manufactory still in action, more especially 
as we have every reason to believe the process of manufacturing 
new species to be a slow one. And this certainly holds true, if 
varieties be looked at as incipient species ; for my tables clearly 
show as a general rule that, wherever many species of a genus 
have been formed, the .species of that genus present a nmnber of 
varieties, that is of incipient species, beyond the average. It is 
not that all large genera are now varying much, and are thus 
increasing in the num]>er of their species, or that no small genera 
<are now varying and increasing ; for if this had bc'en so, it would 
have been fatal to my theory ; inasmuch as geology plainly tells 
us that small genera have in the lapse of time often increased 
greatly in size ; and that large genera have often come to their 
maxima, decline, and disappeared. All tliar we want to show 
is, that, where many species of a genus have been formed, on an 
average many are still forming ; and this certainly holds good, 

3f(inij of t?te Species iiicluded wiiMn the Larger Genera reseml/le 

Varieties in being very close! ip hut unequally, related to each 

other, and in having restricted ranges. 

There are other relations between the species of large genera 
and their recorded varieties which deserve notice. We have seen 
that there is no infallible criterion by which to distinguish species 
and well-marked varieties ; and when intermediate links have not 
been found between doubtful forms, naturalists are compelled to 
come to a determination by the amount of difference between them, 
judging by analogy whether or not the amount suffices to raise one 
or both to the rank of species. Hence the amount of difference is 
one veiy important criterion in settling whether two forms should 
be ranked as species or varietie.s. Kow Fries has remarked in 
regard to plants, and Westwood in regard to insects, that in large 
genera the amount of difference between the species is often 
exceedingly small. I have endeavoured to test this numerically 
by averages, and, as far as my imperfect results go, they confirm 
the view. I have also consulted some sagacious and experienced 
observers, and, after deliberation, they concur in this view. In 
this respect, therefore, the species of the larger genera resemble 
varieties, more than do the species of the smaller genera. Or the 
case may be put in another way, and it may be said, that in the 
larger genera, in which a number of varieties or incipient .species 
greater than the average are now manufacturing, many of the 
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species already maiiufactiired still to a certain exieni resemble 
varietiesj for they difler from each other by less tliaa the asua! 
amoant of difference. 

Moreover, the species of the larger genera are related to each 
other, in the same riianner as the varieties of any one species are 
related to each other. Xo nararalist pretends that all the species 
of a genus are equally distinct from each other ; they may generally 
be divided into sub-genera^ or sections, or lassie groups. As Fries 
has veil remarked, little grou^Ks of species are generally clustered 
like satellites around other species. And %vhat are varieties but 
groups of forms, unequally related to each other, and clustered 
round certain forms — that is, round their parent-species? Un- 
doubtedly there is one mo.st imp*ortant point of difference between 
-carieties and species ; namely, that the amount of difference be- 
tween varieties, wlien compared with each other or with their 
parent-species, is much less than that between the species of the 
same genus. Bub wFon wc come to discuss the principle, as I call 
it, of Divergence of Character, W’o shall see how’^ thi.s may be 
explained, and how the lesser differences between varieties tend 
to increase into the greater differences l>etween species. 

There is one other point w^hicli is wmidh notice. Varieties gene- 
rally have much restricted ranges : this statement is indeed scarcely 
snore than a truism, for, if a variety w^ere found to have a wrider 
range than that of its supposed parent-species, their denominations 
would be reversed. But there is reason to believe that the species 
which are very closely allied to other species, and in so far resemble 
%’arieties, often have much restricted ranges. For instance, Mr. 
H. C. Watson has marked for me in the w’-eil -sifted London Cata- 
logue of plants (4th edition) 63 plants which are therein ranked as 
species, but which he considers as so closely allied to other species 
as to be of doubtful value : these 63 reputed species range on an 
average over e‘9 of the provinces into which IMr. Watson has 
divided Great Britain. Now, in this same Catalogue 53 acknow- 
ledged varieties are recorded, and these range over 7*7 provinces ; 
wFereas, the species to which these varieties belong range over 14*3 
provinces. So that the acknowledged varieties have nearly the same 
restricted average range, as have the closely allied forms, marked 
for me hy Mr. Watson as doubtful species, but which are almost 
universally ranked by British botanists as good and true species. 

Summary, 

Finally, varieties cannot be distinguished from species, — except, 
first, by the discovery of intermediate linking forms ; and, secondly, 
by a certain indefinite amount of difference between them ; for two 
forms, if differing very Httl^ are generally ranked as varieties, 
notlrithst^ndfng that they cannot be closely connect^; -but the 
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one lias treated tiiis subject 'ivith more spirit and ability tban W. 
Herbert, Bean of IMancbester, evidently tlie result of his great 
horticultural knowledge. Nothing is easier than to admit in words 
the tnith of the universal struggle for life, or more difficult — at 
least I have found it so — than constantly to bear this conclusion 
in mind. Yet unless it be thoroughly engrained in the mind, the 
whole economy of nature, with every fact on distribution, rarity, 
abundance, extinction, and variation, ^rili be dimly seen or quite 
misunderstood. We behold the face of nature bright with glad- 
ness, we often see superabundance of food ; we do not see or we 
forget, that the birds which are idly singing round us mostly live 
on insects or seeds, and are thus constantly destroying life ; or we 
forget how largely these songsters, or their eggs, or their nestlings, 
are destroyed by birds and beasts of prey ; we do not always bear 
in mind, that, though food may be now superabundant, it is not 
so at all seasons of eaeffi recurring year. 

The Term, Sirittjffle fo7' ExisUace^ used in a large sense. 

I should premise that I use this term in a large and meta- 
phorical sense including dependence of one being on another, 
and including (which is more important) not only the life of the 
individual, but success in leaving progeny. Two canine animals, 
in a time of dearth, may be truly said to struggle with each other 
which shall get food and live. But a plant on the edge of a desert 
is said to struggle for life against the drought, though more pro- 
perly it should be said to be dependent on the moisture. A plant 
which annually produces a thousand seeds, of which only on© of 
an average comes to maturity, may be more truly said to straggle 
with the plants of the same and other kinds which already clothe 
the ground. The mistletoe is dependent on the apple and a few 
other trees, but can only in a far-fetched sense be said to straggle 
with these trees, for, if too many of these parasites grow on the 
same tree, it languishes and dies. But several seedling mistletoes, 
growing close together on the same branch, may more truly be 
said to struggle with each other. As the mistletoe is disseminated 
by birds, its existence depends on them ; and it may metaphori- 
edly be said to struggle with other fruit-taring plants, in tempt- 
ing the birds to devour and thus disseminate its seeds. In these 
several senses, which pass into each other, I use for convenience' 
sake the general term of Struggle for Existence. 

GeoTMtrical Eatlo of Increase, 

A struggle for existence inevitably follows from the high rate at 
which all organic beings tend to increase. Every being, which 
during its natural lifetime produces several eggs or seeds, must 
suffer destractioa during nmm period of its life, and during some 
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i-evsoii cc Ov^’ar-io'AaJ year, others IfeC. on the ]'ririe''ple of ^xoLietrlcr'l 
increase, its miinliers -would quickly become .^o inordinately great 
tiiat no country could support) the product. Hence, as more indi- 
viduals are produced than can possibly survive, there must in every 
case be a struggle for ecdstence, either one individual with another 
of the Fa.nie species, or with the indiHduais of distinct species, or 
with the physical conditions of life. It is the doctrine of Maltliiis 
applied ith nianiiold force to the whole animal and vegetable 
kingdoms ; for in this case there can be no artificial increase of 
food, and no prudential restraint from marriage. Although some 
species may be now increasing, more or less rapidly, in numbers, 
all cannot do so, for the tvorld would not hold them. 

There is no exception to the rule tliat every organic being 
naturally increases at so high a rate, that, if not destroyed, the 
earth would soon be covered by the progeny of a single pair. 
Even slow-breeding man has doubled in twenty-five years, and at 
this rate, in less than a thousand years, there would literally not 
be standing-room for Ms progeny. Linnaeus has calculated that 
if an annual ifiant produced only two seeds — and there is no plant 
so unproductive as this — and their seedlings next year produced 
two, and so on, then in tw-enty years there would be a million 
plants. The elephant is reckoned the slo-west breeder of all knoT^ii 
animals, and I have taken some pains to estimate its probable 
minimum rate of natural increase ; it wuU be safest to assume that 
it begins breeding when thirty years old, and goes on breeding 
till ninety years old, bringing forth six young in the interval, 
and surviving till one hundred years old ; if this be so, after a 
jieriod of from 740 to 750 years there would be nearly nineteen 
million elephants alive, descended from the first pair. 

But -we have better evidence on this subject than mere theore- 
tical calculations, namely, the numerous recorded cases of the 
astonishingly rapid increase of various animals in a state of nature, 
when circumstances have been favourable to them during two or 
three following seasons. Still more striking is the evidence from 
our domestic animals of many kinds which have run wild in several 
parts of the -world ; if the statements of the rate of increase of 
slow-breeding cattle and horses in South America, and latterly in 
Australia^ had not been well authenticated, they woirld have been 
incredible. So it is with plants ; cases could be given of intro- 
duced plants which have become common throughout whole islands 
in a period of less than ten years. Several of the plants, such as 
the cardoon and a tall tMstie, which are now the commonest over 
the wide plains of La Plata, clothing square leagues of surface 
almost to the exclusion of every other plant, have been introdtwwi 
from Europe; and there are plants which now range in India, as I 
hear fwm Dr.Eal«»ner, from Cape Comorin to the Himalaya* 
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wMcIi have beea imported from America since its discovery. In 
such cases, and endless others could be given, no one supposes, that 
the fertility of the animals or plants has been suddenly and tem- 
porarily increased in any sensible degree. The obrious explanation 
is that the conditions of life have been highly favourable, and 
that there has consequently been less destiuction of the old and 
young, and that nearly all the young have been enabled to breed. 
Their geometrical ratio of increase, the result of which never fails 
to be surprising, siinply explains their extraordinarily rapid in- 
crease and wide diffusion in their new homes. 

In a state of nature almost every full-grown plant annually jiro- 
duces seed, and amongst animals there are very few which do not 
annually pair. Hence we may confidently assert, that all plants 
and animals are tending to increase at a geometrical ratio,— that 
all would mpklly stock evciy station in which they could anyhow^ 
exist,— and that tlii.s geometrical tendency to increase mnst be 
checked by destruction at some period of life. Our familiarity 
with the larger domestic animals tends, I think, to mislead us : 
we see no gimt destruction falling on them, but we do not keep in 
mind that thousands are annually slaughtered for food, and that 
in a state of nature an equal number would have somehow to be 
disposed of. 

The only difference between organisms which annually produce 
eggs or se^s by the thousand, and those which produce extremely 
few, is, that the slow-brceders would require a few more years to 
people, under favourable conditions, a whole district, let it be ever 
so large.^ The condor lays a couple of eggs and the ostrich a score, 
and yet in the same country the condor may be the more numerous 
of the two ; the Fulmar petrel lays but one egg, yet it is believed 
to be the most numerous bird in the world. One fly deposits 
hundreds of eggs, and another, like the hippobosca, a single one ; 
but this difference does not determine how many individuals of 
the two species can be supported in a district. A large number of 
eggs is of some importance to those species which depend on a 
fluctuating amount of foo«^ for it allows them rapidly to increase 
in number. But the real importance of a large number of eggs or 
seeds is to make up for much destruction at some period of life ; 
and tMs period in the great majority of cases is an early one. If 
an animal can in any way protect its own eggs or young, a small 
number may be produced, and yet the average stock be fully kept 
up ; but if many eggs or young are destroyed, many must be pro- 
duced, or the species will become extinct. It would suffice to keep 
up the full number of a tree, which lived on an average for a 
thousand years, if a single seed were produced once in a thousand 
years, supixjsing that this seed were never destroyed, and could be 
ensured to germinate in a fitting place. So that, in all cases, the 
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arerase number of any anlnml or plant depends only indirectly oa 
the nnmber of its eggs or seeds. 

In looking at Xattire, it is most necessary to keep tlie foregoing 
considerations always ia mind — never to forget that every single 
nrgaijie being may be said to be striving to the utmost to increase 
in itmabers ; that each lives by a= struggle at some period of its 
life ; that heavy destruction iue^dtably falls eilher on the young 
or old, during each generation or at recurrent intervals. Lighten 
any check, mitigate the destruction ever so iitile, and the number 
of the species will almost iastantanoously increase to any amount. 

jTatiti'e of the Checks to Licrcease, 

The causes -uiiich check the natural tendency of each species to 
increase are most obscure. Look at the most vigorous species ; 
by as much as it swarms in numbers, bj’ so much will it tend to 
increase still further. We know not exactly what the checks are 
even in a single instance. Nor will this suriwiss any one who 
reflects how ignorant we are on this head, even in regard to man- 
kind, although so incomparably better known than any other 
animal. This subject of the checks to increase has been ably 
treated by several authors, and I hope in a future work to discuss 
it at considerable length, more especially in regard to the feral 
animals of South America. Here I 'will make only a few remarks, 
just to recall to the readerls mind some of the chief 3 ;)oints, Eggs 
or very young animals seem generally to suffer most, but this is 
not invariably the case. With plants there is a vast destruction of 
seeds, but, from some observations which I have made, it appears 
that the seedlings suffer most from germinating in ground already 
tliickly stocked with other plants. Seedlings, also, are destroyed 
in vast numbers by various enemies ; for instance, on a piece of 
ground three feet long and two wide, dug and cleared, and where 
there could be no choking from other jjlants, I marked all the 
seedlings of our native weeds as they came up, and out of 357 no 
less than 295 were destroyed, chiefly by slugs and insects. If turf 
which has long been mown, and the case would be the same with 
turf closely browsed by quadrupeds, be let to grow, the more 
vigorous plants gradually kill the less vigorous, though fully 
grown plants ; thus out of twenty species growing on a little plot 
of mown turf (three feet by four) nine species perished, from the 
other species being allowed to grow up freely. 

The amount of food for each species of course gives the extreme 
limit to which each can increase; but very frequently it is not 
the obtaining food, but the serving as prey to other animals, which 
determines the average numbers of a species. Thus, there seems 
to be little doubt that the stock of partridges, grouse, and hares 
m any large estate depends chiefly on the destruction of vennim 
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viously and planted with vScotcli fir. The change in the native 
vegetation of the planted part of the heath was most remarkable, 
more than is generally seen in passing from one quite different 
soil to another ; not only the proportional numbers of the heath- 
plants were wholly changed, but twelve species of ’plants (not 
counting grasses and carices) flourished in the plantations, which 
could not be found on the heath. The effect on the insects must 
have been still greater, for six insectivorous birds were very com- 
mon in the plantations, which were not to be seen on the heath ; 
and the heath was frequented by two or three distinct insecti- 
vorous birds. Here we see how potent has been the effect of the 
introduction of a single tree, nothing whatever else having been 
done, with the exception of 'the land having been enclosed, so that 
cattle could not enter. But how important an element enclosure 
is, I plainly saw near Farnham, in Surrey. Here there are 
extensive heaths, with a fevr clumps of old Scotch firs on the 
distant hill-tops : within the last ten years large spaces have been 
enclosed, and self-sown firs are now si)riiiging uj) in multitudes, 
so close together that all cannot live. When I ascertained that 
these young trees had not been sown or planted, 1 was so much 
surprised at their numbers that I went to several points of view, 
whence I could examine hundreds of acres of the unenclosed 
heath, and literally I could not see a single Scotch fir, except 
the old planted clumps. But ou looking closely between the stems 
of the heath, I found a multitude of seedlings and little trees 
which had been perpetually browsed down by the cattle. In one 
square yard, at a point some hundred yards distant from one of 
the old clumps, I counted thirty-two little trees ; and one of 
them, ‘with twenty-six rings of growth, had, during many years, 
tried to raise its head above the stems of the heath, and had 
failed. No wonder that, as soon as the land was enclosed, it 
became thickly clothed -with vigorously growing young firs. Yet 
the heath was so extremely barren and so extensive that no one 
would ever have imagined that cattle would have so closely and 
effectually searched it for food. 

Here we see that cattle absolutely determine the existence of 
the Scotch fir ; but in several parts of the world insects determine 
the existence of cattle. Perhaps Paraguay offers the most curious 
instance of this ; for here neither cattle nor horses nor dogs have 
ever run wild, though they swarm southward and northward in 
a feral state ; and Azara and Eengger have shown that this is 
caused by the greater number in Paraguay of a certain fly, which 
lays its eggs in the navels of these animals when first born. The 
increase of these fiies, numerous as they are, must be habitually 
checked by some means, probably by other parasitic insects. 
Hence, if certain insectivorous birds were to decrease in Paraguay, 
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tlie parasitic insects Yronld probably increase ; and tdis Yronld 
lessen tne number of tbe navel-frequenting flies — tliea cattle and 
horses would become feral, and this would certainly gi’eatly alter 
(as indeed I have observed in x^arts of South America) the vegeta- 
tion : this again would largely ailecfc the insects ; and tliis, as v, e 
have just seen in Stauordshire, the insectivorous birds, and so 
onwards in ever-increasing circles of complexity. Not that under 
nature the relations will ever be as simple as this. Battle within 
battle must be continually recurring -with varying success ; and yet 
in the long-run the forces are so nicely balanced, that the face of 
nature remains for long periods of time uniform, though assuredly 
the merest trifle would give the victory to one organic being over 
another. Nevertheless, so profound is our ignorance, and so high 
our presumption, that we marvel -when w’e hear of the extinction 
of an organic being ; and as we do not see the cause, we invoke 
cataclysms to desolate the w-orld, or invent laws on the duration of 
the forms of life I 

I am tempted to give one more instance showing how plants and 
animals, remote in the scale of nature, are bound together by a 
web of complex relations. 1 shall hereafter have occasion to show 
that the exotic Lobelia fulgens is never visited in my garden by 
insects, and consequently, from its peculiar structure, never sets a 
seed. Nearly all our orchidaceous plants absolutely require the 
visits of insects to remove their pollen-masses and thus to fertilise 
them. I find from experiments that humble-bees are almost indis- 
pensable to the fertilisation of the heartsease (Yiola tricolor), for 
other bees do not visit this flower. I have also found that the 
visits of bees are necessary for the fertilisation of some kinds of 
clover ; for instance, 20 heads of Dutch clover (Trifolium repens) 
yielded 2,290 seeds, but 20 other heads protected from bees pro- 
duced not one. Again, 100 heads of red clover (T. pratense) pro- 
duced 2,700 seeds, but the same number of protected heads produced 
not a single seed. Humble-bees alone visit red clover, as other 
bees cannot reach the nectar. It has been suggested that moths 
may fertilise the clovers ; but I doubt whether they could do so in 
the case of the red clover, from their weight not being sufficient to 
depress the wing petals. Hence we may infer as highly probable 
that, if the whole genus of humble-bees became extinct or very rare 
in England, the heartsease and red clover would become very rare* 
or wholly disappear. The number of humble-bees in any district 
depends in a great measure upon the number of field-mice, which 
destroy their combs and nests ; and Col. Newman, who has long 
attended to the habits of humble-bees, believes that “ more than 
two-thirds of them are thus destroyed all over England." Now 
the number of mice is largely dependent, as every one know% on 
the number of cats ; and OoL Newman says, ‘‘Near villages and 
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small to^TOs I Imve found the nests of humble-bees more numerous 
than elsewhere, which I attribute to the number of cats that destroy 
the mice,” Hence it is quite credible that the presence of a feline 
animal in large numbers in a district might detemine, through the 
intervention first of mice and then of bees, the frequency of certain 
flowers in that district ! 

In the case of every species, many diflerent checks, acting at 
different periods of life, and during different seasons or years, 
probably come into play ; some one check or some few being 
generally the most ](oient ; but all will concur in determining the 
average number or even the existence of the species. In some 
eases it can be shown that nidely-difterent checks act on the 
same species in different districts. When we look at the plants 
and bushes clothing an entangled bank, we are tempted to 
attribute their proportional numbers and kinds to what we call 
chance. But ho'w false a view is this ! Eveiy one has heard 
that when an American forest is cut down, a very different 
vegetation springs up ; but it lias been observed that ancient 
Indian ruins in the Southern United States, whieli must formerly 
have been cleared of trees, now display the same beautiful 
diversity and proportion of kinds as in the surrounding virgin 
forest. a struggle must have gone on during long centuries 

between the several kinds of trees, each annually scattering its 
seeds by the thousand ; what war between insect and insect — 
between insects, snails, and other animals -with birds and beasts 
of prey-all striving to increase, all feeding on each other, or on 
the trees, their seeds and seedlings, or on the other plants which 
first clothed the ground and thus checked the growth of the 
trees 1 Throw up a handful of feathers, and all fail to the ground 
according to definite laws ; but how simple is the problem where 
each shall fall compared to that of the action and reaction of the 
innumerable plants and animals which have determined, in the 
course of centuries, the proportional numbers and kinds of trees 
now growing on the old Indian ruins ! 

The dependency of one organic being on another, as of a 
parasite on its prey, lies generally between beings remote in the 
scale of natnre. This is likewise sometimes the case with those 
which may be strictly said to struggle with each other for 
existence, as in the case of locusts and grass-feeding quadrupeds. 
But the struggle will almost invariably be most severe between 
the individuds of the same species, for they frequent the same 
districts, require the same food, and are exposed to the same 
dangers. In the case of varieties of the same species, the struggle 
will generally be almost equally severe, and we sometimes see 
the contest soon decided : for instance, if several varieties of wheat 
be sown together, and the mixed seed be resown, some of the 
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varieties rrliicli best suit llio S3il or climat?, or are naturally tiic 
most fertile, vTill beat tlie others and so yield more seed, and will 
eonsefinently in a few years supplant the other varieties. To 
keep up a mixed stock of even sueli extremely close varieties 
as the variously-coloured svreet peas, they must be each year 
harvested separate!}', and the seed then mixed in due propcTtion, 
otherwisQ the weaker kinds will steadily decrease in Hiiraber and 
disaijpear. So ai^ain with the varieties of sheep ; it has been 
asserted that certain mountedn-varieties will starve out other 
mountain-varieties, so that they cannot be kept together. The 
same result has followed from keepixig together diSerent varieties 
of the medicinal leech. It may e^en be doubted whether the 
varieties of any of our domestic plants or animals have so exactly 
the same strength, habits, and constitution, that the originai 
proportions of a mixed stock (crossing being prevented) could be 
kept up for half-a-dozen generations, if they were allowed to 
struggle together, in the same manner as beings in a state of 
nature, and if the seed or young were not annually preserved in 
due proportion. 

Struggle for Life most severe hetiveen Indivkhiah and Tanetles af 
the saine tSpecies. 

As the species of the same genus usually have, though by no 
means invariably, much similarity in habits and constitution, and 
always in structure, the struggle wall generally be more severe 
between them, if they come into competition with each other, than 
between the species of distinct genera. We see this in the recent 
extension over parts of the United States of one species of swallow 
having caused the decrease of another species. The recent in- 
crease of the missel-thrush in parts of >Seotland has caused the 
decrease of the song-thrash. How frequently we hear of one 
species of rat taking the place of another species under the most 
different climates 1 In Russia the small Asiatic cockroach has 
everywhere driven before it iis great congener. In Australia the 
imported hive-bee is rapidly exterminating the small, stingless 
native bee. One species of charlock has been known to supplant 
anotlier species ; and so in other cases. We can dimly see why 
the competition should be most severe between allied forms, which 
fill nearly the same place in the economy of nature ; but probably 
in no one case could we precisely say why one species has been 
victorious over another in the great battle of life. 

A corollary of the highest importance may be deduced from the 
foregoing remarks, namely, that the structure of every organic 
being is related, in the most essential yet often hidden manner, to 
that of all the other organic beings, with which it comes into com- 
l>«feition for food or residence, or from which it has to escape, or 
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on wiiicli it preys. TMs is obvious in tbe structure of the teeth 
and talons of the tiger ; and in that of the legs and claws of the 
parasite which clings to the hair on the tiger’s body. But in the 
beautifully plumed seed of the dandelion, and in the Battened and 
fringed legs of the water-beetle, the relation seems at first confined 
to the elements of air and water. Yet the advantage of plumed 
seeds no doubt stands in the closest relation to the land being 
already thickly clothed with other plants ; so that the seeds may 
be widely distributed and fall on uiioccuiied ground. In the 
■water-beetle, the structure of its legs, so W'ell adapted for diving, 
allow^s it to compete with other aquatic insects, to hunt for its 
own prey, and to escape serving as prey to other animals. 

The store of nutriment laid up within the seeds of many plants 
seems at first sight to have no sort of relation to other plants. 
But from the strong growth of young plants produced from such 
seeds, as peas and beans, when sown in the midst of long grass, it 
may be suspected that the chief use of the nutriment in the seed 
is to favour the growth of the seedlings, whilst struggling with 
other plants growing vigorously all around. 

Look at a plant in the midst of its range, why does it not double 
or quadruple its numbers ? We know that it can perfectly ■w^eil 
withstand a little more heat or cold, dampness or dryness, for else- 
where it ranges into slightly hotter or colder, damper or drier 
districts. In this case we can clearly see that if -wq wish in 
imagination to give the plant the pow’er of increasing in number, 
we should have to give it some advantage over its competitors, or 
over the animals which prey on it. On the confines of its geo- 
graphical range, a change of constitution with respect to climate 
would clearly be an advantage to our plant ; but we have reason 
to believe that only a few plants or animals range so far, that they 
are destroyed exclusively by the rigour of the climate. Not until 
we reach the extreme confines of life, in the Arctic regions or on 
the borders of an utter desert, will competition cease. The land 
may be extremely cold or dry, yet there will be competition between 
some few species, or between the individuals of the same species, 
for the warmest or dampest spots. 

Hence we can see that when a plant or animal is placed in a 
mew country amongst new competitors, the conditions of its life 
will generally be changed in an essential manner, although the 
climate may be exactly the same as in its former home. If its 
average numbers are to increase in its new home, we should have 
to modify it in a different way to what we should have had to do 
in its native countiy ,* for w^e should have to give it some advantage 
over a different set of competitors or enemies. 

It is good thus to try in imagination to give to any one 
species an advantage over another. Probably in no single instance 
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sionld we kiiOTr wliai to do. 'liiis oualit lo coi^^iiic^ ns oi onr 
igiioraneo on tnc miiinal relniionrf of all organic beings ; a con- 
viction as necesspay, a? it is difncnit to p-coiiire. All tliat v. j 
can clOj is to i^ecp ytcaoiiy in iiiind tnat eacii organic being 
striving to increase in a geoinGtrical ratio ; that eacli at sorr 3 
period of its lifCj daring sonie season of the year, during eacn 
generation or at intervals, lias to struggle for life and to suiter 
great destruction. Wlisn we reilect on tliis struggle, we may con- 
sole ourselves witli tlie full belief, tliat tlie war c4‘ nature is not 
incessant, lliat no iear Is fek, tliat doalli is geiioraliy pruLiij:. 
and tliat the vigorous, the heaitliy, and tlm iiapoty snvd.e and 
iiiiiltiply. 
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Natueal Selection ; or the Survival of the Fittest. 

Xuti.m1l Selection — its power compared ivith man’s selection — its power on 
characters of tritlin^ importance — ^its power at all ages and on both 
sexes — Sexual Selection — On the generality of intercrosses between indi- 
■\iduals of tile same species — Circumstanceg favourable and untavoimible 
to the results of Natural Selection, namely, intex'crossing, isolation, 
number of intlividuals — Slow action — ^Extinction caused by Natural 
Selection — Bb'ergence of Character, related to the diverBity of inhahitants 
of any small area, and to naturalisation — ^Action of Natmiil Selection, 
through Divergence of Character, and Extinction, on the descendants 
from a common parent — Explains the grouping of all organic beings — 
Advauce in organisation — Low forms preserved — Convergence of character 
— Indefinite multiplication of species — Summary. 

How will the straggle for existence, briefly discussed in the last 
chapter, act in regard to variation ? Can the principle of selection, 
which we have seen is so potent in the hands of man, apply under 
nature? I think we shall see that it can act most efficiently. 
Let the endless number of slight variations and individual 
differences occurring in our domestic productions, and, in a lesser 
degree, in those under nature, be borne in mind ; as well as the 
strength of the hereditary tendency. Under domestication, it 
may be truly said that the whole organisation becomes in some 
degree plastic. But the variability, which we almost universally 
meet with in our domestic productions, is not directly produced, 
as Hooker and Asa Gray have well remarked, by man ; he can 
neither originate varieties, nor prevent their occurrence ; he can 
only preserve and accumulate such as do occur. Unintentions^y 
he exposes organic beings to new and changing conditions of life, 
and vadability ensues ; but similar changes of conditions might 
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and do occur under nature. Let it also be borne in mind boTV 
infinitely complex and close-fitting are tbe mutual relations of all 
organic beings to each other and to their physical conditions of 
life ; and consequently -what infinitely varied diversities of structure 
might be of use to each being under changing conditions of life. 
Can it, then, be thought improbable, seeing that variations useful 
to man have imdou]:»tediy occurred, that other ^uriations useful 
in some way to each being in the great and complex battle of life, 
should occur in the course of many successive generations? If 
such do occur, can we doubt (remembering that many more 
individuals are born than can possibly survive) that individuals 
having any ad%"antage, however slight, over others, would have 
the best chance of surviving and of procreating their kind ? On 
the other hand, we may feel sure that any variation in the least 
degree injurious would be rigidly destroyed. This preseri'ation 
of favourable individual differences and variations, and the 
destruction of those which are injurious, I have called Natural 
{Selection, or the Survival of the Fittest. Variations neither useful 
nor injurious would not be aflected by natural selection, and 
would be left either a fluctuating clement, as perhaps we see in 
certain polymorphic species, or would ultimately become fixed, 
owing to the nature of the organism and the nature of the 
conditions. 

Several writers have misapprehended or objected to the term 
Natural Selection. Some have even imagined that natural 
selection induces variability, whereas it implies only the preseiwa- 
tion of such variations as arise and are beneficial to the being 
under its conditions of life. No one objects to agriculturists 
speaking of the jKitent effects of man^s selection ; and in this case 
the individual differences given by nature, which man for some 
object selects, must of necessity first occur. Others have objected 
that the term selection implies conscious choice in the animals 
which become modified; and it has even been urged that, as 
plants have no volition, natural selection is not applicable to 
them I In the liteml sense of the word, no doubt, natural selection 
is a false term ; but who ever objected to chemists speaking of 
the elective affinities of the various elements ? — and yet an acid 
cannot strictly bo said to elect the base with wMch it in preference 
combines. It has been said that I speak of natural selection as 
an active power or Deity ; but who objects to an author speaking 
of the attraction of gravity as ruling the movements of the 
planets f Every one knows what is meant and is implied by such 
metaphorical expressions ; and they are almost necessary for 
brevity. So again it is difficult to avoid personifying the word 
Nature ; but I mean by Nature, only the aggregate action and 
product of many natural laws, and by laws the sequence of eveuta 
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a.s ascertained by ns. “Witli a little familiaric;' sneli sayei'llclil 
objections vdil be forjotten. 

We sbaii best iinderritand tlie probable course ot natural 
selection by taking tlie case of a ecantry nnclergoiiig some sliglit 
physical ehaiigo, for instance, of ciimato. The ])roportional 
numbers of its inhabitants will almost immediately undergo a 
change, and some species will probably become extinct. We may 
conclude, from wliat we Imve seen of the intimate and complex 
manner in which the inhabitants of each country are bound 
together, that any change in the numerical proportions of the 
inhabitants, independently of the change of climate itself, would 
seriously affect the others. If the country were open on its 
borders, new forms would certainly immigrate, and this %YOulti 
likewise seriously disturb the relations of some of the former 
inhabitants. Let it be remembered how powerful the influence 
of a single introduced tree or mammal has been sliowm to be. 
But in the case of an island, or of a country partly surrounded 
by barriers, into which new and better adapted forms could not 
freely enter, w'e should then have places in the economy of nature 
which would assuredly be better filled up, if some of the original 
inhabitants w^ere in some manner modified ; for, had the area been 
open to immigration, these same places 'would have been seized 
on by intruders. In such cases, slight modifications, w’hich* in any 
way favoured the individuals of any species, by better adapting 
them to their altered conditions, would tend to be preserved ; and 
natural seieeiion would have free scope for the work of im- 
provement. 

We have good reason to believe, as shown in the first chapter, 
that changes in the conditions of life give a tendency to increased 
variability ; and in the foregoing cases the conditions have 
changed, and this would manifestly be favourable to natural 
selection, by afi^ording a bettor chance of the occurrence of profit- 
able variations. Unless such occur, natural selection can do 
nothing. Under the term of variations,” it must never be for- 
gotten that mere individual differences are included. As man 
can produce a great result with his domestic animals and plants 
by adding up in any given direction individual differences, so 
could natural selection, but far more easily from having incom- 
parably longer time for action. Nor do I believe that any great 
physical change, m of climate, or any unusual degree of isolation 
to check immigration, is necessary in order that new and un- 
occupied places should be left, for natural selection to fill up by 
improving some of the varying inhabitants. For as all the 
inhabitants of each country are struggling together with nicely 
balanced forces, extremely slight modifications in the stmctuie 
m habits of one species would often give it an advanta^ over 
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others ; and still further modifications of the same kind would 
often still further increase the advantage, as long as the species 
continued under the same conditions of life and profited by similar 
means of subsistence and defence. INo country can be named in 
which aU the native inhabitants are now so perfectly adapted to 
each other and to the physical conditions under which they live, 
that none of them could be still better adapted or improved ; for 
in all countries, the natives have been so far conquered by 
naturalised productions, that they have allowed some foreigners 
to take firm possession of the land. And as foreigners have thus 
in every country beaten some of the natives, we may safely 
conclude that the natives might have been modified wfith 
advantage, so as to have better resisted the intruders. 

As man can produce, and certainly has produced, a great result 
by his methodical and unconscious means of selection, what may 
not natural selection effect i Man can act only on external and 
visible characters : Nature, if I may be allow’ed to personify the 
natural preservation or survival of the fittest, cares nothing for 
appearances, except in so far as they are useful to any being. 
{She can act on every internal organ, on every shade of constitu- 
tional difference, on the whole macliinery of life. Man selects 
only for Ms own good : Nature only for that of the being which 
she tends. Every selected character is fully exercised by her, as 
is implied by the fact of their selection. Man keeps the natives 
of many climates in the same country ; he seldom exercises each 
selected character in some peculiar and fitting manner ; he feeds 
a long and a short beaked pigeon on the same food ; he does not 
exercise a long-backed or long-legged quadruped in any peculiar 
manner ; he exposes sheep with long and short wool to the same 
climate. He does not allow the most vigorous males to straggle 
for the females. He does not rigidly destroy all inferior animals, 
but protects during each varying season, as far as lies in his 
power, all his productions. He often begins his selection by some 
half-monstrous form ; or at least by some modification prominent 
enough to catch the eye or to be plainly useful to Mm. Under 
nature, the slightest differences of structure or constitution may 
well turn the nicely-balanced scale in the struggle for life, and so 
he preserved. How fleeting are the wishes and efforts of man I 
how short his time I and consequently how poor will be his 
results, compared with those accumulated by Nature during whole 
geological periods I Can we wonder, then, that Nature’s produc- 
tions should be far truer” in character than man’s productions ; 
that they should be infinitely better adapted to the most complex 
conditions of life, and should plainly bear the stamp of far higher 
workmanship ? 

It may metaphorically be said that natural selection is daily and 
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Iioiiiiy scratiniaiii^', tliroiigliout the woiiu, tlie slightest vaiLaon.'i : 
rejecting those that are bad, prcsemng and adding up all that art) 
good ; silently' and insensibly working, inienec^r ci.id 
rapport imiiy op'e^'s, at the improvement of each organic being in 
relaticii to its organic and inorganic eondition.s of Lfe. The see 
nothing of these slow changes in tirogress, natil the hand of time 
has marked the lapse of age.s, and then so imperfect is our view 
into long-piPst geological age.s, that we see only that the forms of 
life are now different from what thej’ fornieiiy were. 

In order that any great amount of niodiHcaciun should 1 >e effected 
ill a species, a variety when once formed muss again, perhaps after 
a long interval of time, vary or present individual differences of 
rliG same favourable nature as before ; and these must be again 
jtreserved, and so onwards step by step. Seeing that individual 
differences of the same kind perpetually recur, this can hardly be 
considered as an unwarrantable assumption. But whether it is 
true, we can judge only by seeing how far the hypothesis accords 
with and explains the general xjhenomena of nature. On the other 
hand, the ordinary belief that the amount of possible variation is 
a strictly limited quantity is likewise a simple assumption. 

Although natural selection can act only through and for the 
good of each being, yet characters and structures, which we are apt 
to consider as of very trifling importance, may thus be acted on 
When we see leaf -eating insects green, and bark-feeders mottled- 
grey; the alpine ptarmigan wfliite in wunter, the red-grouse the 
colour of healher, we must believe that these tints are of service 
to these birds and insects in preserving them from danger. G rouse, 
if not destroyed at some period of their lives, would increase in 
countless numbers ; they are known to suffer largely from birds of 
prey ; and hawks are guided by eyesight to their prey — so much 
so, that on parts of the Continent persons are warned not to keep 
white pigeons, as being the most liable to destruction. Hence 
natural selection might be effective in giving the proper colour to 
each kind of grouse, and in keeping that colour, when once 
acquired, true and constant. Kor ought we to think that the 
occasional destruction of an animal of any particular colour would 
produce little effect : we should remember how essential it is in a 
flock of white sheep to destroy a lamb mth the faintest trace of 
black. We have seen how the colour of the hogs, which feed on 
the “paint-root” in Yirginia^ determines whether they shall live 
or die. In plants, the down on the fruit and the colour of the flesh 
are considered by botanists as characters of the most trifling 
importance : yet we hear from an excellent horticulturist, Down- 
ing, that in the United States smooth-skinned fruits suffer far 
more from a beetle, a Curculio, than those with down ; that purpl® 
plums suffer far more from a certain disease than yellow plums ^ 
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wliereas another disease attacks yeliow-fleshed peaches far more 
than those with other coloured flesh. If, with all the aids of art, 
these slight difierences make a great difference in cnltiYating the 
several varieties, assuredly, in a state of nature, where the trees 
would have to struggle with other trees and %vith a host of 
enemies, such differences would eftectually settle which variety, 
whether a smooth or downy, a yellow or purple fleshed fruit, 
should, succeed. 

In looking at many small points of difference between species, 
which, as far as our ignorance permits us to judge, seem quite 
unimportant, we must not forget that climate, food, &c., have no 
doubt produced some direct effect. It is also necessary to bear in 
mind that, owing to the law of correlation, when one part varies, 
and the variations are accumulated through natural selection, 
other modifications, often of the most unexpected nature, will 
ensne. 

As we see that those variations which, under domestication, 
ap])ear at any particular period of life, tend to reappear in the 
oflspriug at the same i)eriod ; — for instance, in the shape, size, and 
flavour of the seeds of the many varieties of our culinary and 
agricultural plants ; in the caterpillar and cocoon stages of the 
varieties of the silkworm ; in the eggs of poultiy, and in the colour 
nf the down of their chickens ; in the horns of our sheep and 
cattle when nearly adult ; — so in a state of nature natural selection 
will be enabled to act on and modify organic beings ar any a.ge, 
by the accumulation of variations profitable at that age, and by 
their inheritance at a coiTesponding age. If it profit a plant to 
have its seeds more and more widely disseminated by the wind, I 
can see no greater difficulty in this being effected through natural 
selection, than in the cotton-planter increasing and improving by 
selection the down in the pods on his cotton-trees. Natural 
selection may modify and adapt the larva of an insect to a score 
of contingencies, wholly different from those which concern the 
mature insect ; and these modifications may effect, through 
correlation, the structure of the adnlfe. So, conversely, modifica- 
tions in the adult may affect the structure of the larva ; but in all 
cases natural selection will ensure that they shall not he injurious : 
for if they were so, the species would become extinct. 

Natural selection will modify the structure of the young in 
relation to the parent, and of the parent in relation to the young. 
In social animals it will adapt the structure of each individual for 
the benefit of the whole community ; if the community profits by 
the selected change. What natural selection cannot do, is to 
modify the structure of one species, without giving it any 
advantage, for the good of another species ; and though statements 
to this effect may be found in works of natural history, I cannot 
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find one case wHch will bear Inveuti^aiioii. A istructare i^ed 
only once in an aniinals life, if of iiigh importance to it, iniglit be 
iiiodiiiecl to any extent by natural selection; for instaitce, tlie 
yreat jaws possessed hj certain insects, used exclusiTely for 
opening tlie cocoon — or the hard tip to the beak of unhatclied 
birds, used for breaking the egg. It has been asserted, that of 
the best sliorl-beaked tiiinbler-xdgeons a greater nimiber perish 
in the egg than are abb to out of it : so that fanciers a^^sist 
:n the act of hatching. >Tow if nature had to make the beak of 
a full-grown pigeon very short for the ])irdh own advantage, the 
process of modification %vorld ]je veiy slow, and there would be 
simrdtaneoiisly the ino.st rigorous selection of ail the young birds 
%vithin the egg, wMch had the most powerful and hardest beaks, 
for all wntli weak beaks would inevitably perish ; or, more delicate 
and more easily broken shells might be selected, the thickness of 
the shell being kno\ni to vary like every other structure. 

It may be well here to remark that with all beings there must 
be much fortuitous destruction, which can have little or no 
influence on the course of natural selection. For instance a vast 
number of eggs or seeds are annually devoured, and these could 
be modified through natural selection only if they varied in some 
manner wliich protected them from their enemies. Yet many of 
these eggs or seeds would perhaps, if not destroyed, have yielded 
individuals better adapted to their conditions of life than any of 
those which happened to survive. So again a vast number of 
mature animals and plants, whether or not they be the best 
adapted to their conditions, must be annually destroyed by 
accidental causes, which would not be in the least degree mitigated 
by certain changes of structure or constitution which would in 
other ways be beneficial to the species. But let the destruction 
of the adults be ever so heavy, if the number which can exist in 
any district be not w^hoily kept down by such causes, — or again 
let the destruction of eggs or seeds be so great that only a 
hundredth or a thousandth part are developed,~yet of those 
which do survive, the best adapted individuals, supposing that 
there is any variability in a favourable direction, will tend to 
propagate their kind in larger numbers than the less well adapted. 
If the numbers be wholly kept down by the causes just indicated, 
as will often have been the case, natural selection will be powerless 
in certain beneficial directions ; but this is no valid objection to 
its efficiency at other times and in other ways ; for we are far 
from having any reason to suppose that many species ever undergo 
modification and ^improvement at the same time in the same 
area. 
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Sexual Selection. 

Itiasmiicli as peculiarities often appear under domestication in 
one sex and become hereditarily attached to that sex, so no doubt 
it will be under nature. Thus it is rendered possible for the two 
sexes to be modified through natural selection in relation to 
different habits of life, as is sometimes the case ; or for one sex 
to be modified in relation to the other sex, as commonly occurs. 
This leads me to say a few words on what I have called Sexual 
Selection. This form of selection depends, not on a struggle for 
existence in relation to other oi’ganic beings or to external con- 
ditions, but on a struggle between the individuals of one sex, 
generally the males, for the possession of the other sex. The 
result is not death to the unsuccessful competitor, but few or no 
ofispring. )Sexual selection is, therefore, less rigorous than natural 
selection. Generally, the most vigorous males, those which are 
best fitted for their places in nature, will leave most progeny. 
But in inany cases, victory depends not so much on geneml 
vigour, as on liaving special vreapons, confined to the male sex. 
A hornless stag or spurless cock would have a poor chance of 
leaving numerous offspring. Sexual selection, by always allowing 
the victor to breed, might surely give indomitable courage, length 
to the spur, and strength to the wing to strike in the spurred leg, 
ill nearly the same manner as does the brutal cockfighter by the 
careful selection of his best cocks. How low" in the scale of nature 
the law of battle descends, I know not ; male alligators have been 
described as fighting, bellowing, and w^hiriing round, like Indians 
in a war-dance, for the possession of the females ; male salmons 
have been observed fighting all day long ; male stag-beetles some- 
times bear wounds from the huge mandibles of other males ; the 
males of certain hymenopterous insects have been frequently seen 
by that inimitahle observer M. Eabre, fighting for a particular 
female who sits by, an apparently unconcerned beholder of the 
struggle, and then retires with the conqueror. The war is, 
perhaps, severest betw^een the males of polygamous animals, and 
these seem oftenest provided with special weapons. The males of 
carnivorous animals are already well armed ; though to them and 
to others, special means of defence may be given through means 
of sexual selection, as the mane of the lion, and the hooked jaw 
to the male salmon ; for the shield may be as important for 
victory, as the sword or spear. 

Amongst birds, the contest is often of a more peaceful character. 
All those who have attended to the subject, believe that there is 
the severest rivalry between the males of many species to attract, 
by singing, the females. The rock-thrush of Guiana, birds of 
paradisej, and some others, congregate ; and successive males dis^ 
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lil&y Tritli the most elaborate care, and show c>±‘ iis the hero 
manner, tlieir gorgeous plumage ; they likeTase perfona strange 
antics before iLe female?, T-Tldch, standing as spectator?, at 
last choose the most attractive partner. These vrho have closely 
attended to birds in confinement -well know that they often take ir ~ 
preferences and dislikes: thus Sir lb Heron has described 
liow a pied peacock was emineuily attractive to all Lis lien lards. 
I cannot here enter on the ncces&ary details : but if in fin can in 
a short time give beauty and an elegant carriage to his bantam?, 
according to his standard of beauty, I can see no good reaL-oii t'O 
doubt that female birds, by selecting, during llioiisands of genera- 
tions, the most melodious or beautiful males, according to their 
standard of beauty, might produce a marked effect. Some well- 
known laws, mtli respect to the plumage of male and female 
])irdg in comparison with, the plumage of the young:, can partly 
be explained through the action of sexual selection on %’ariations 
occurring at different ages, and transmitted to the males alone or 
to both sexes at corresponding ages ; but I have not space here to 
enter on this subject. 

Tims it as I believe, that when the males and females of 
any animal have the same general habits of life, but differ in 
structure, colour, or ornament, such differences have been mainly 
caused by sexual selection : that is, by individual males having 
had, in successive generations, some slight advantage over other 
males, in their weapons, means of defence, or charms, which they 
have transmitted to their male offspring alone. Yet, I would not 
wsh to attribute all sexual differences to this agency : for we see 
in our domestic animals peculiarities arising and becoming 
attached to the male sex, which apparently have not been aug- 
mented through selection by man. The tuft of hair on the breast 
of the wild turkey-cock cannot be of any use, and it is doubtful 
whether it can be ornamental in the eyes of the female bird 
indeed, had the tuft appeared under domestication, it would have 
been called a monstrosity. 

IliMstratiom of the Action of Natural Selection^ or the Survival 
of the Fittest, 

In order to make it clear how, as I believe, natural selection 
acts, I must beg permission to give one or two imaginary illustra- 
tions. Let us take the ease of a wolf, which preys on various 
animals, securing some by craft, some by strength, and some by 
fleetness ; and let us suppose that the fleetest prey, a deer for 
instance, had from any change in. the country increased in num- 
bers, or that other prey had decreased in numbers, during that 
season of the year when the wolf was hardest pressed for food 
tfiidersuch circumstances the swiftest and slimmest wolves would 
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the juice or nectar was excreted from the inside of the flowers of 
a certain nninber of plants of any species. Insects In seeking the 
nectar would get dusted with pollen, and w^ould often transport 
it from one flower to another. The flo-wers of two distinct in- 
dividuals of the same species would thus get crossed ; and the act 
of crossing, as can be fully proved, gives rise to vigorous seedlings, 
which consequently would have the best chance of flourishing and 
surviving. The plants which produced flowers with the largest 
glands or nectaries, excreting most nectar, would oftenest be 
visited by insects, and %vould oftenest be crossed ; and so in the 
long-run would gain the upper hand and form a local varietur. 
The flowers, also, wiiich had their stamens and pistils placed, in 
relation to the size and liabits of the particular insect which 
visited them, so as to favour in any degree the transportal of the 
pollen, would lilce^vise be favoured. We might have taken the 
case of insects visiting flo'wers for the sake of collecting pollen 
instead of nectar ; and as pollen is formed for the sole purpose of 
fertilisation, its destruction appears to be a simple loss to the 
plant ; yet if a little pollen were carried, at first occasionally and 
then habitually, by the i^ollen-devouring insects from flower to 
flower, and a cross thus effected, although nine-tenths of the 
pollen were destroyed it might still be a great gain to the x>lant 
to be thus robbed ; and the individuals which produced more and 
more pollen, and had larger anthers, would be selected. 

When our plant, by the above process long continued, had been 
rendered highly attractive to insects, they would, unintentionally 
On their part, regularly carry pollen from flow'er to flower ; and 
that they do this effectually, I could easily show by many striking 
facts. I will give only one, UvS likewise illustrating one step in the 
separation of the sexes of plants. Some holly-trees bear only 
male flowers, which have four stamens producing a rather small 
quantity of pollen, and a rudimentary pistil ; other holly-trees 
bear only female flowers ; these have a full-sized pistil, and four 
stamens with shrivelled anthers, in which not a grain of pollen 
can be detected. Having found a female tree exactly sixty yards 
from a male tree, I put the stigmas of twenty flowers, taken from 
different branches, under the microscope, and on all, without 
exception, there ^vere a few pollen-grains, and on some a pro- 
fusion. As the wind had set for several days from the female to 
the male tree, the pollen could not thus have been carried. Thfi 
weather had been cold and boisterous, and therefore not favour- 
able to bees, nevertheless every female flower which I examined 
had been effectually fertilised by the bees, which had flown from 
tree to tree in search of nectar. But to return to our imaginary 
cjase : as soon as the plant had been rendered so highly attractive 
to insects that pollen was regularly carried from flower to floweri 
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anotiier process might commence. No natiiraiist doubts tlie 
advantage of what lias been called the “ physiological diTisioii of 
labour ; '' lienee we may believe that iz would be advantageous to 
a plant to produce stamens alone in one flower or on one ivliole 
plant, and pistils alone in another flower or on another x^lant. In 
plants under culture and iflaced under new conditions of life, 
sometimes the male organs and sometimes the female organs 
become more or less impotent ; now if we suppose this to occur 
in ever so slight a degree under nature, then, as pollen is already 
carried regularly from flower to flower, and as a more complete 
separation of the sexes of our plant would be advantageous on 
the principle of the division of labour, individuals with this 
tendency more and more increased, w'ould be continually favoured 
or selected, until at last a complete separation of the sexes might 
be effected. It would take up too much space to show the various 
steps, through dimorphism and other means, by wdiich the separa- 
tion of the sexes in plants of various kinds is apparently now in 
progress ; but I may add that some of the species of holly in 
North America, are, according to Asa Gray, in an exactly in- 
termediate condition, or, as he expresses it, are more or less 
diceciously polj^gamous. 

Let us now turn to the nectar-feeding insects ; we may 
suppose the plant, of which we liave been slowly increasing the 
nectar by continued selection, to be a common plant ; and that 
certain insects depended in main part on its nectar for food. I 
could give many facts showing how anxious bees are to save 
time : for instance, their habit of cutting holes and sucking the 
nectar at the bases of certain flowers, which with a very little 
more trouble, they can enter by the mouth. Bearing such facts 
in mind, it may be believed that under certain circumstances 
individual differences in the curvature or length of the proboscis, 
&c., too slight to be appreciated by us, might profit a bee or other 
insect, so that certain individuals would be able to obtain their 
food more quickly than others; and thus the communities to 
which they belonged wmuld flourish and throw off many swarms 
inheriting the same peculiarities. The tubes of the corolla of the 
common red and incarnate clovers (Trifolium pratense and incar- 
natum) do not on a hasty glance appear to differ in length ; yet 
the hive-bee can easily suck the nectar out of the incarnate 
clover, but not out of the common red clover, which is visited by 
humble-bees alone ; so that whole fields of the red clover offer in 
vain an abundant supply of precious nectar to the hive-bee. That 
this nectar is much lied by the hive-bee is certain ; for I have 
repeatedly seen, but only in the autumn, many hive-bees sucking 
the flowers through holes bitten In the base of the tube by 
humble-bees. The difference in the length of the corolla in the 
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two kinds of clover, wliick determines the visits of the hive-bee, 
must be very trifling ; for I have been assured that when red 
clover has been mown, the flowers of the second crop are some- 
what smaller, and that these are visited by many hive-bees. I 
do not know whether this statement is accurate ; nor whether 
another published statement can be trusted, namely, that the 
Ligurian bee, which is generally considered a mere variety of the 
common hive-bee, and which freely crosses -with it, is able to 
reach and suck the nectar of the red clover. Thus, in a country 
where this kind of clover abounded, it might be a great advantage 
to the hive-bee to have a slightly longer or differently constructed 
proboscis. On the other hand, as the fertility of this clover 
absolutely deiJends on bees visiting the flowers, if humble-bees 
■were to become rare in any country, it might be a great advantage 
to the plant to have a shorter or more deeply divided corolla, so 
ttiat the hive-bees should be enabled to suck its flowers. Thus I 
can understand how a flower and a bee might slowly become, 
either simultaneously or one after the other, modified and adapted 
to each other in the most perfect manner, by the continued pre- 
servation of all the individuals which presented slight deviations 
of structure mutually favourable to each other. 

I am well aware that this doctrine of natural selection, 
exemplied in the above imaginary instances, is open to the same 
objections which were first urged against Sir Charles Lyell’s noble 
views on “the modern changes of the earth, as illustrative of 
geology ; ” but we now seldom hear the agencies which we see still 
at worl^ spoken of as trifling or insignificant, when used in 
explaining the excavation of the deepest valleys or the formation 
of long lines of inland cliffs. Natural selection acts only by the 
preservation and accumulation of small inherited modifications, 
each profitable to the preserved being ; and as modem geology has 
almost banished such views as the excavation of a great valley by 
a single diluvial wave, so will natural selection banish the belief 
of the continued creation of new organic beings, or of any great 
and sudden modification in their structure. 

Ofi the Intercrossinff of Individuals, 

I must here introduce a short digression. In the case of animals 
and plants with separated sexes, it is of course obvious that two 
individuals must always (with the exception of the curious and 
not well understood cases of parthenogenesis) unite for each 
birth ; but in the case of hermaphrodites this is far from obviouis* 
Nevertheless there is reason to believe that with all hermaphro- 
dites two individuals, either occasionally or habitually, concur for 
the reproduction of their kind. This view was long ago doubtfully 
siaggested by Sprengel, Knight and Kolreuter, We shall presently 
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Fee i:s iniporiance ; Lutlmu&i hero treat the .'iihject T.i.It e:::rc!-iQ 
brevity, tlioiigb I have the material's prepared for an ample cUf- 
eassioii. All vertebrate animals, all insects, and some other 
groujjs of animals, pair for each birth. 3IoderR research lias niiici; 
diiiiiiiisbed the number of supposed hermaphrodites, and of real 
heriiiaplirodites a large number pair ; that is, iv;n individuais 
regularly unite for reproduction, which is all that cciicerns i:s. 
But still there are many hermaphrodite animals which certainly 
do not habitually pair, and a vast majority of plants are herma- 
phrodiies. "^Yhat reason, it may be asked, is there for supposing 
in these cases that two individuals cv'er concur in reproduction ? 
As it is impossible here to enter on details, I must trust to some 
general considerations alone. 

Ill the first place, I have collected so large a body of facts, and 
made so many experiments, showing, in accordance with the 
almost universal belief of breeders, that with animals and plants 
a cross between different varieties, or between individuals of the 
same variety but of another strain, gives vigour and fertility to 
the offspring ; and on the other hand, that close interbreeding 
diminishes vigour and fertility ; that these facts alone incline me 
to believe that it is a general law of nature that no organic being 
fertilises itself for a perpetuity of generations ; but that a cross 
with another individual is occasionally — perhaps at long intervals 
of time — indispensable. 

On the belief that this is a law of nature, we can, I think, 
understand several large classes of facts, such as the following, 
which on any other view are inexplicable. Every liybridizer knows 
how unfavourable exposure to wet is to the fertilisation of a 
flower, yet what a multitude of flowers have their anthers and 
stigmas fully exiiosed to the weather \ If an occasional cross be 
indispensable, notwithstanding that the plant’s own anthers and 
pistil stand so near each other as almost to insure self-fertilisatiori, 
the fullest freedom for the entrance of pollen from another 
individual will explain the above state of exposure of the organs. 
Many flowers, on the other hand, have their organs of fructification 
closely enclosed, as in the great papilionaceous or pea-family ; but 
these almost invariably present beautiful and curious adaptations 
in relation to the visits of insects. So necessary are the visits of 
bees to many papilionaceous flowers, that their fertility is greatly 
diminished if these visits be prevented. Now, it is scarcely possible 
for insects to fly from flower to flower, and not to carry pollen 
from one to the other, to the great good of the plant. Insects act 
like a camel-hair pencil, and it is siiBlcient, to ensure fertilisation, 
just to touch with the same brush the anthers of one flower and 
then the stigma of another ; hut it must not be supposed that bees 
would thus produce a multitude of hybrids between distinct 
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species ; for if a plant’s own pollen and that from another species 
are placed on the same stigma, the fonner is so prepotent that it 
invariably and completely destroys, as has been shown by Gartner, 
the infinence of the foreign pollen. 

"When the stamens of a flower suddenly spring towards the 
pistil, or slowly move one after the other towards it, the con- 
trivance seems adapted solely to ensure self-fertilisation ; and no 
doubt it is useful for this end : but the agency of insects is often 
required to cause the stamens to spring foiward, as Kolreuter has 
shown to be the case with the barberry; and in this very genus, 
which seems to have a special contrivance for self-fertilisation, it 
is well known that, if closely-allied forms or varieties are planted 
near each other, it is hardly possible to raise pure seedlings, so 
largely do they naturally cross. In numerous other cases, far from 
self-fertilisation being favoured, there are special contrivances 
which effectually prevent the stigma receiving i)ollen from its own 
flower, as I could show from the 'works of Sprengel and others, as 
well as from my own observations : for instance, in Lobelia 
fulgens, there is a really beautiful and elaborate contrivance by 
which all the infinitely numerous pollen-granules are swept out of 
the conjoined anthers of each flower, before the stigma of that 
individual flower is ready to receive them ; and as this flower is 
never visited, at least in my garden, by insects, it never sets a 
seed, though by placing pollen from one flower on the stigma of 
another, I raise plenty of seedlings. Another species of Lobelia, 
which is visited by bees, seeds freely in my garden. In very many 
other cases, though there is no special mechanical contrivance to 
prevent the stigma receiving pollen from the same flower, yet, as 
Sprengel, and more recently Hildebrand, and others, have shown, 
and as I can confirm, either the anthers burst before the stigma is 
ready for fertilisation, or the stigma is ready before the pollen of 
that flower is ready, so that these so-named dichogamous plants 
have in fact separated sexes, and must habitually be crossed. So 
it is with the reciprocally dimorphic and trimorphic plants pre- 
viously alluded to. How strange are these facts I How strange 
that the pollen and stiginatic surface of the same flower, though 
placed so close together, as if for the very purpose of self- 
fertilisation, should be in so many cases mutually useless to each 
other 1 How simply are these facts explained on the view of an 
occasional cross with a distinct individual being advantageous or 
indispensable I 

If several varieties of the cabbage, radish, onion, and of some 
other plants, be allowed to seed near each other, a large majority 
of the seedlings thus raised turn out, as I have found, mongrels : 
for instance, I raised 233 seedling cabbages from some plants of 
diffsreiit varieties growing near each other, and of these only 
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were true io tlieir kind, and oome even of these were not perfecily 
true. Yet llie pistil of each cabbage-tlower is surrounded r.ot 
only by its own sis: stamens but by those of the many othor 
dowers on the same plant : and the pollen of each flower readily 
gets on its own stigma without insect agency ; for I have found 
that plants carefully })rotected from insects produce tlie full 
number of pods. Hovr, then, comes it that such a vast nuniher of 
the seedlings are mongreliaed '? It must arise from the x^ollen 
of a distinct variety having a prepotent effect over the flow’ers 
own pollen ; and that this is part of the general law of good being 
derived from the intercrossing of distinct inditidiials of the same 
species. When distinct species are crossed the case is reversed? 
for a plant's own pollen is almost always prepotent over foreign 
pollen ; but to this subject we shall return in a future chapter. 

Ill the case of a large tree covered with innumerable flowers, it 
may be objected that pollen could seldom be carried from tree to 
tree, and at most only from flower to flovrer on the same tree ; 
and flowers on the same tree can be considered as distinct indi- 
viduals only in a limited sense. I believe this objection to be 
valid, but that nature has largely provided against it by giving to 
trees a strong tendency to bear flow*ers with separated sexes. 
When the sexes are separated, although the male and female 
flowers may be produced on the same tree, pollen must be 
regularly carried from flow^er to flower; and tliis will give a better 
chance of pollen being occasionally carried from tree to tree. 
That trees belonging to all Orders have their sexes more often 
separated than other plants, I find to be the case in this councry ; 
and at my request I)r, Hooker tabulated the trees of New Zealand, 
and Dr. Asa Gray those of the United States, and the result was 
as I anticipated. On the other hand, Dr. Hooker informs me that 
the rule does not hold good in Australia : but if most of the 
Australian trees are dichogamous, the same result would follow 
as if they bore flowers with separated sexes. I have made these 
few- remarks on trees simply to caU attention to the subjeofc. 

Turning for a brief space to animals : various terrestrial species 
are hermaphrodites, such as the land-mollusca and earth-worms ; 
but these all pair. As yet I have not found a single terrestrial 
animal wdiich can fertilise itself. This remarkable fact, which 
offers so strong a contrast with terrestrial plants, is intelligible 
on the view of an occasional cross being indispensable ; for owing 
to the nature of the fertilising element there are no means, 
analogous to the action of insects and of the wind with plants, by 
which an occasional cross could be effected with terrestrial 
animals without the concurrence of two individuals. Of aquatic 
animals, there are many self-fertilising hermaphrodites ; but here 
the currents of water offer an obvious means for an occasional 
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cross. As in tiie case of Sowers, I have as yet failed, after con- 
sultation with one of the highest authorities, namely, Professor 
Huxley, to discover a single hermaphrodite animal with the 
organs of reproduction so perfectly enclosed that access from 
without, and the occasional influence of a distinct individual, can 
be shown to be physically impossible. Cirripedes long appeared 
to me to present, under this point of view, a case of great 
difficulty ; but I have been enabled, by a fortunate chance, to 
prove that two individuals, though both are self-fertilising herma- 
phrodites, do soinetimevS cross. 

It must have struck most naturalists as a strange anomaly that, 
both with animals and plants, some species of the same family 
and even of the same genus, though agreeing closely with each 
other in their whole organisation, are hermaphrodites, and some 
unisexual. But if, in fact, all hermaphrodites do occasionally 
intercross, the difference between them and unisexual species is, 
as far as function is concerned, very small. 

From these several considerations and from the many special 
facts which I have collected, but -which I am unable here to give* 
it appears that with animals and jjlants an occasional intercross 
between distinct individuals is a very general, if not universa], 
law of nature. 

Circumtmees favourable for the production of new forms, throttgh 
di^ativral Selection. 

This is an extremely intricate subject. A great amount of 
variability, under which term individual differences are always 
included, will evidently be favourable. A large number of 
individuals, by giving a better chance within any given period for 
the appearance of profitable variations, will compensate for a 
lesser amount of variability in each individual, and is, I believe, 
a highly important element of success. Though Nature grants 
long periods of time for the work of natural selection, she does 
not grant an indefinite period ; for as all organic beings are 
striving to seize on each place in the economy of nature, if any 
one species does not become modified and improved in a cor- 
responding degree with its competitors, it -will be extemiinated. 
Unless favourable variations be inherit^ by some at least of the 
offspring, nothing can be effected by natural selection. The 
tendency to reversion may often check or prevent the work ; but 
as this tendency has not prevented man from forming by selection 
numerous domestic races, why should it prevail against natural 
selection ? 

In the case of methodical selection, a breeder selects for some 
definite object, and if the individuals be allowed freely to inter- 
cross, his work will completely fail. But when many men, without 
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intending to alter tlio breed, have a nearly cominoa standard of 
perfection, and all try to x>rceure and breed from tlie best aniiuals, 
improvement surely but slowly follows from tliis unconscious 
process of selection, noUvithstandiag rbat tbers is no separation 
of selected individuals. Tims it vvill be under nat’Te ; for witMn 
a confined area, witn some place in tbe natural polity not perfectly 
occupied, all rbe individuals %"arying in the ngbt direction, t'hougii 
in different degrees, will tend to be preserved. Hut if the area be 
large, its several districts %rill almost certainly present different 
conditions of bfe ; and then, if the same species undergoes modifi- 
cation in diiierent districts, the newly-fonned varieties will inter- 
cross on the confines of each. But we shall see in the sixth 
chapter that intermediate varieties, inhabiting intermediate 
districts, will in the long run generally he supplanted by one of 
the adjoining varieties. Intercrossing will chiefly affect those 
animals which unite for each birth and wander much, and -which 
do not breed at a very quick rate. Hence with animals of this 
nature, for instance, birds, varieties -will generally be eonflned to 
separated countries ; and this I find to be the case. With herma- 
phrodite organisms which cross only occasionally, and likewise 
-with animals which unite for each birth, but which wander little 
and can increase at a rapid rate, a new and improved variety 
might be quickly formed on any one spot, and might there main- 
tain itself in a body and afterwards spread, so that the individuals 
of the new variety would chiefly cross together. On this principle, 
nurserymen always prefer saving seed from a large body of plants, 
as the chance of intercrossing is thus lessened. 

Even -with animals which unite for each birth, and which do 
not propagate rapidly, we must not assume that free intercrossing 
would always eliminate the effects of natural selection ; for I can 
bring forward a considerable body of facts showing that within the 
same area, two vaiieties of the same animal may long remain dis- 
tinct, from haunting different stations, from breeding at slightly 
different seasons, or from the individuals of each variety preferring 
to pair together. 

Intercrossmg plays a very important part in nature by keeping 
the individuals of the same species, or of the same variety, true 
and uniform in character. It will obviously thus act far more 
efficiently with those animals which unite for each birth ; but, as 
already stated, -we have reason to believe that occasional inter- 
crosses take place with all animals and plants. Even if these take 
place only at long intervals of time, the young thus produced will 
gain so much in vigour and fertility over the offspring from long- 
continu^ self-fertSiisation, that they will have a better chance of 
surviving and propagating their kind ; and thus in the long run 
tiia influence of crosses, even at rare intervals, will be great With 
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and less extermination. Hence, we can understand liow it is that 
the flora of Madeira, according to Oswald Heer, resembles to a 
certain extent the extinct tertiary flora of Europe. All fresh- 
water basins, taken together, make a small area compared with 
that of the sea or of the land. Consequently, the competition 
between fresh-water productions will have been less severe than 
elsewhere ; new forms will have been then more slowly produced, 
and old forms more slowly exterminated. And it is in fresh- 
water basins that we find seven genera of Ganoid fishes, remnants 
of a once preponderant order : and in fresh water we find some 
of the most anomalous forms now known in the world as the 
Ornitliorhynchus and Lepidosiren, which, like fossils, connect to 
a certain extent orders at present widely sundered in the natural 
scale. These anomalous forms may be called living fossils ; they 
have endured to the present day, from having inhabited a confined 
area, and from having been exposed to less varied, and therefore 
less severe, competition. 

To sum up, as far as the extreme intricacy of the subject 
pennits, the circumstances favourable and unfavourable for the 
production of new species tlirough natural selection. I conclude 
that for terrestrial jjroductions a large continental area, which 
lias undergone many oscillations of level, will have been the most 
favourable for the production of many new forms of life, fitted to 
endure for a long time and to spread widely. Whilst the area 
existed as a continent, the inhabitants will have been numerous 
in individuals and kinds, and will have been subjected to severe 
competition. When converted by subsidence into large separate 
islands, there mli still have exist^ many individuals of the same 
species on each island : intercrossing on the confines of the range 
of each new species will have been checked: after physical 
changes of any kind, immigration will have been prevented, so 
that new places in the polity of each island will have had to be 
filled up by the modification of the old inhabitants ; and time will 
have been allowed for the varieties in each to become well 
modified and perfected. When, by renewed elevation, the islands 
were reconverted into a continental area, there will again have 
been very severe competition: the most favoured or improved 
varieties will have been enabled to spread : there will have been 
much extinction of the less improved forms, and the relative 
porportional numbers of the various inhabitants of the reunited 
continent will again have been changed; and again there will have 
been a fair field for natural selection to improve still further the 
inhabitants, and thus to produce new species. 

That natural selection generally acts with extreme slowness 
I fully admit It cm act only when there are places in the 
natural politj of a district which can be better ©ceupied hr 
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rtiodiscarioii of of it< csi^tinc: inhr'otanL'. I’lio ueciirrcncb 
of such places -vnli often depend on physical changes, wliicli 
generally take place %"ery slowh", and on the immigration of better 
adapted forms being prevented. As some fevr of the old ixiliabi- 
taiits become modified, the mutual relations of others will o^teii 
] >e disturbed ; and this will create new places, ready to be filled 
up by better adapted form.s; but all this will take place very 
slowly. Although all the individuals of the same species differ in 
some slight degi'es from each other, it would often be long before 
differences of the right nature in various parts of the organisation 
might occur. The result wmuM often be greatly retarded by free 
intercrossing. .Many will e.xclaim that these several causes are 
amply sufficient to neutralise the power of natural selection. T 
do not believe so. But I do believe that natural selection will 
generally act very slowly, only at long intervals of time, and only 
on a few of the inhabitants of the same region. I further believe 
that these slow, intermittent results accord well with what 
geology tells us of the rate and manner at which the inhabitants 
of the world have changed. 

Slow though the process of selection may be, if feeble man can 
do much by artificial selection, I can see no limit to t he amount 
of change, to the beauty and complexity of the coailaptaticns 
between all organic beings, one with another tind with their 
physical conditions of life, which may have been affected in the 
long course of time through nature’s iiower of selection, that is by 
the biirffival of the fittest. 

Kcimctioii caused hy Katural Selectimi, 

This subject will be more fully discussed in our chapter on 
Geology; but it must here be alluded to from being intimately 
connected with natural selection. Natural selection acts solely 
through the preservation of variations in some way advantageous, 
which consequently endure. Owing to the high geometrical rate 
of increase of all organic beings, each area is already fully stocked 
with inhabitants ; and it follows from this, that as the favoured 
forms increase in number, so, generally, will the less favoured 
decrease and become rare, fearity, as geology tells us, is the 
precursor to extinction. We can see that any form which is 
represented by few individuals will ran a good chance of utter 
extinction, during great fluctuations in the nature of the seasons, 
or from a temporary increase in the number of its enemies. But 
we may go further than this; for, as new forms are produced, 
unless we admit that specific forms can go on indefinitely increase 
ing in number, many old forms must become extinefi That the 
number of specific forms has not indefinitely increased, gooh^ 
plainly t^ls us ; apd we shall mresentiy atte wt to show i^hy it 



80 BIVERGBNCE OF OHABAOTER. [Chip. It. 

is that the mmiher of species throughout the world lias not become 
immeasurably great. 

We have seen that the species which are most numerous io 
individuals have the best chance of producing favourable varia- 
tions within any given period. We have evidence of this, in the 
facts stated in the second chapter, showing that it is the common 
and diffused or dominant species which offer the greatest nmnbcr 
of recorded varieties. Hence, rare species will be less quickly 
modified or improved within any given period ; they will conse- 
quently be beaten in the race for life by the modified and im- 
proved descendants of the commoner species. 

From these several considerations I think it inevitably follov:s, 
that as new species in the course of time are formed through 
natural selection, others will become rarer and rarer, and finally 
extinct. The forms which stand in closest competition with those 
undergoing modification and improvement, will naturally siifier 
most. And w^e have seen in the chapter on the Struggle for 
Existence that it is the most closely-allied forms, — varieties of the 
same species, and species of the same genus or of related genera, 
— which, from having nearly the same structure, constitution, 
and habits, generally come into the severest competition with eacli 
other ; consequent!}’, each new variety or species, during the pro- 
gress of its formation, will generally jiress hardest on its nearest 
kindred, and tend to exterminate them. We see the same process 
of extermination amongst our domesticated productions, through 
the selection of improved forms by man. Hany curious instances 
could be given sho’^ving how quickly new breeds of cattle, sheep, 
and other animals, and varieties of flowers, take the place of older 
and inferior kinds. In Yorkshire, it is historically known that 
the ancient black cattle %Tere displaced by the long-horns, and that 
these w’ere swept away by the short-horns ” (I quote the words 
of an agricultural writer) “ as if by some murderous pestilence.” 

Divergence of Character, 

The principle, which I have designated by this term, is of high 
importance, and explains, as I believe, several important facts. 
In the first place, varieties, even strongly-marked ones, though 
having somew’hat of the character of species— as is shown by the 
hopeless doubts in many cases how to I’ank them — certainly 
differ far less from eacJi other than do good and distinct species, 
Kevertheless, according to my view, varieties are species in the 
process of formation, or are, as I have called them, incipient species. 
How, then, does the lesser difference between varieties become aug- 
mented into the greater difference between species ? That this does 
habitually happen, we must infer from most of the innumerable 
species throughout nature presenting well-marked differences; 
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T.-herea^ Tarieties, the supposed protot^-pes and parents o! i\:tur3 
well-maiked species, present slight and ill-detined diierences. 
’Mere ciiance, we may call it, ndglit cause one variety' to dirTer 
.a some character from its parents, and the oflspriiig of this 
^’ariety again to diiier from its parent in the very same character 
and in a greater degree; but this alone would never account for 
so liabitiisJ and large a degree of difTerenee as that between the 
species of the same genus. 

As has always been my practice, I have sought liglit on this 
head from our domestic productions. Vie shall here find some- 
thing analogous. It will bo admitted that the production of races 
BO diflereiit as short-horn and Hereford cattle, race and cart 
horses, the several breeds of pigeons, &c., could never have been 
eficcted by the mere chance accumulation of similar variations 
during many sitccessive generations. In practice, a fancier is, for 
instance, struck by a xhgeon having a slightly shorter beak; 
another fancier is struck by a pigeon having a rather longer beak ; 
and on the acknowledged luinciple that “ fanciers do not and will 
not admire a medium standard, but like extremes,” they both go 
on (as has actually occurred with the sub-breeds of the tumbler- 
pigeon) choosing and breeding from birds mth longer and longer 
beaks, or with shorter and shorter beaks. Again, we may suppose 
that at an early period of history, the men of one nation or dis- 
trict required swifter horses, 'whilst those of another required 
stronger and bulkier horses. The early differences would be very 
slight; but, in the course of time, from the continued selection of 
swifter horses in the one case, and of stronger ones in the other, 
the differences would become greater, and would be noted as 
forming two sub-breeds. Ultimately, after the lapse of centuries, 
these sub-breeds would become converted into two well-established 
anti distinct breeds. As the differences became greater, the in- 
ferior animals with intermediate characters, being neither very 
swift nor very strong, would not have been used for breeding, and 
mil thus have tended to disappear. Here, then, we see in man’s 
productions the action of what may be called the principle of 
divergence, causing differences, at first barely appreciable, steadily 
to increase, and the breeds to diverge in character, both from each 
other and from their common parent. 

But how, it may be stsked, can any analogous principle apply in 
nature ? I believe it can and does apply most efficiently (though 
it was a long time before I saw how), from the simple circumstance 
that the more diversified the descendants from any one species 
become in structure, constitution, and habits, by so much will 
they be better enabled to seize on many and widely diversifi^ 
places in the polity of nature, and so be enabled to increase in 
numbera 
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or flesli aloiiOj dmws most nutriment from tliese substances. So 
in the general economy of any land, the more widely and perfectly 
the animals and plants are diversified for clifierent habits of life^ 
so ■will a greater number of individuals be capable of there 
supporting themselves. A set of animals, with their organisation 
but little diversified, could hardly compete with a set more per- 
fectly diversified in structure, it may be doubted, for instance, 
whether the Australian marsupials, -which are divided into p’oups 
difi’ering but little from each other, and feebly representing, as 
]\Ir. Waterhouse and others have remarked, our carnivorous, 
ruminant, and rodent mammals, could successfully compete with 
these well-developed orders. In the Australian mammals, we see 
the process of diversification in an early and incomplete stage of 
development. 

27ir Probable UjftrCs of t/ir Aciwii of Xatiiral Selection through 

Divergence rf Chnracfcr and Ertinefion^ on the Descendants of 

if Common Ancestor. 

.t\ftfcT the foregoing discussion, which lias been much com- 
pressed, we may assume that the modified descendants of any 
one species vill succeed so much the better as they become more 
diversified in structure, and are thus enabled to encroach on 
places occupied by other beings. Now let us see how this 
principle of benefit being derived from divergence of character, 
combined with the principles of natural selection and of extinc- 
tion, tends to act. 

The accompanying diagram will aid us in understanding this 
rather perplexing subject. Let A to L represent the species of a 
genus large in its own country; these species are supposed to 
resemble each other in unequal degrees, as is so generally the case 
in nature, and as is represented in the diagram by the letters 
standing at unequal distances. I have said a large genus, because 
as we saw in the second chapter, on an average more species vary 
in large genera than in small genera; and the varying species of 
the large genera present a greater number of varieties. We have, 
also, seen that the species, which are the commonest and the most 
widely diffused, vary more than do the rare and restricted species. 
Let (A) be a common, widely-diffused, and varying species, belong- 
ing to a genus large in its own country. The branching and 
diverging dotted lines of unequal lengths proceeding from (A) 
may represent its varying offspring. The variations are supposed 
to be extremely slight, but of the most diversified nature ; they 
are not supposed all to appear simultaneously, but often after 
long intervals of time ; nor are they all supposed to endure for 
equal periods. Only those variations which are in some way 
profitable ivill be preserred or naturally selected. And here the 
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importance ol tlie principle of benent derhed frOii. d>rerrc.P^e cT 
cliaracter comes in: for this ivill generally lead to the most 
different or divergent variations (rox*reseiited by ilie enter dclte..! 
lines] being |;resarved and accitmiiiatcd by natural ^elecdon. 
When a dotted line reaches one of the lionsonn-I line.-, ami ir 
there marked by a small numbered letter, a siifficieiit aiiiormi of 
variatioii is supj^osed to have been accumulated to lonr. it iiUv» a 
fairly veil-marked variety, such as vrculd be thought v^ordi}’' of 
record in a systematic vork. 

The intervals between the horizontal lines in the diagram, may 
represent each a thousand or more generations. After a thousand 
generations, species (A) is supposed to have produced tu'o fairly 
well-marked varieties, namely and r/i\ These two varieties will 
generally still be ertposed to tiie same conditions which made their 
parents variable, and the tendency to variability is in itself here- 
ditary ; consequently they ’Rill likewise tend to vary, and commonly 
in nearly the same manner as did their parents. Zfforeover, these 
t%YO varieties, being only slightly modified forms, will tend to 
inherit those advantages which made their parent (A) more nume- 
rous than most of the other inhabitants of the same country ; they 
will also partake of those more general advantages which made 
the genus to which the pareiit-specie.s belonged, a large genus in 
its own country. And all these circumstances are favourable to 
the production of ne%v varieties. 

If, then, these two varieties be variable, the most divergent of 
their variations \rill generally be preserved during the next thou- 
sand generations. And after this interval, variety cd is sup|X)sed 
in the diagram to have produced variety a% which 'will, owing to 
the principle of divergence, differ more from (A) than did variety 
a\ Variety is supposed to have produced two varieties, namely 
and s% differing from each other, and more considerably from 
their common parent (A). We may continue the process by similar 
steps for any length of time ; some of the varieties, after each 
thousand generations, producing only a single variety, but in a 
more and more modified condition, some producing two or three 
varieties, and some failing to produce any. Thus the varieties or 
modified descendants of the common jmrent (A), will generally 
go on increasing in number and diver^ng in cliaracter. In the 
diagram the process is represented up to the ten-thousandth 
generation, and under a condensed and simplified form up to the 
fourteen-thousandth generation. 

But I must here remark that I do not suppose that the process 
ever goes on so regularly as is represented in the diagram, though 
in itself made somewhat irregular, nor that it goes on continuously ; 
it is far more probable that each form remains for long period 
unaltered, and then again undergoes modification. For do I 
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will liave become extinct, being replaced by eight new species 
to m '^^) ; and species (I) -will be replaced by six to new 
species. 

But we may go further than this. The original species of our 
genus were supposed to resemble each other in unequal clegrccsj 
as is so generally the case in nature; species (A) being more 
nearly related to B, C, and D, than to the other species; and 
species (I) more to G, H, K, h, than to the others. These two 
species (A) and (I) were also supposed to be very common and 
widely diffused species, so that they must originally have had 
some advantage over most of the other species of the genus. 
Their modified descendants, fourteen in number at the fourteen- 
thousandth generation, will probably have inherited some of the 
same advantages : they have also been modified and improved in 
a diversified manner at each stage of descent, so as to have become 
adapted to many related places in Iho natural economy of their 
country. It seems, therefore, extremely probable that they will 
have taken the places of, and thus exterminated, not only their 
parents (A) and (I), but likewise some of the original species 
which -were most nearly related to their parents. Hence very 
few of the original sj)ecies will have transmitted offspring to the 
fourteen-thousandth generation. We may suppose that only one, 
(F), of the two species (E and F) which were least closely related 
to the other nine original species, has transmitted descendants to 
this late stage of descent. 

The new species in our diagram descended from the original 
eleven species, will now be fifteen in number. Owing to tho 
divergent tendency of natural selection, the extreme amount of 
difference in character between species and will be much 
greater than that between the most distinct of the original eleven 
species. The new species, moreover, mU be allied to each other 
in a widely different manner. Of the eight descendants from (A) 
the three marked p^% will be nearly related from having 

recently branched off from and from having diverged 

at an earlier period from a\ wall be in some degree distinct from 
the three first-named species; and lastly, and will be 

nearly related one to the other, but, from having diverged at the 
first commencement of the process of modification, will be widely 
different from tho other five species, and may constitute a sub- 
genus or a distinct genus. 

The six descendants from (I) will form two sub-genera or genera* 
But as the original species (I) differed largely from (A), standing 
nearly at the extreme end of the original genus, the six descendants 
from (I) will, owing to inheritance alone, differ considerably from 
the eight descendants from (A); the two groups, moreover, are 
supposed to have gone on diverging in different directions. The 
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interiiieGiate specie?, aLo (and this is a rcry imp-'^iiant cr»n?;tie;o- 
tion), wiiich conneeied the original species (A) anJ (I), here 
all become, excepting (F), extinct, and have left no dc'^ceijtlentj. 
Hence tlie six iievr" species descended from (I), and the eignt 
descendants from (A), vdll have to be remhed as very disliuct 
genera, or even as distinct snb-famihes. 

Tims it is, as I believe, that tv.*o or more genera are produced 
by descent ivitli modification, from cwo or more species of the 
same genus. And the two or more parent-species arc supposed to 
be descended from some one species of an earlier genu*. In our 
diagram, this is indicated by the broken lines, beneath the capital 
letters, converging in sub-branches dowmvards towards a single 
point ; this point represents a species, the supposed progenitor of 
our several ilqw suL-genera and genera. 

It is worth while to reflect for a 'moment on the character of 
the new species which is supposed not to have diverged much 
in character, but to have retained the form of (F), either unaltered 
or altered only in a slight degree. In this case, its affinities to 
the other fourteen new species will be of a curious and circuitous 
nature. Being descended trom a form which stood between the 
parent-species (A) and (I), now supposed to be extinct and 
unknown, it will ])e in some degree intermediate in character 
between the two groups descended from these tw’o species. But 
as these two groups have gone on diverging in character from the 
type of their parents, the new species not be directly 

intermediate between them, bnt rather between types of the two 
groups ; and every naturalist will be able to call such cases before 
his mind. 

In the diagram, each horizontal line has hitherto been supposed 
to represent a thousand generations, but each may represent a 
million or more generations ; it may also represent a section of 
the successive strata of the earth’s crust including extinct remains. 
We shall, when %ve come to onr chapter on Geology, have to refer 
again to this subject, and I think we shall then see that the 
diagram throws light on the affinities of extinct beings, which, 
though generally belonging to the same ordens, families, or genera, 
with those now living, yet are often, in some degree, intermediate 
in character between existing groups; and we can understand 
this fact, for the extinct species lived at various remote epochs 
when the branching lines of descent had diverged less. 

I see no reason to limit the process of modification, as now 
explained, to the formation of genera alone. If, in the diagram, 
we suppose the amount of change represented by each successive 
group of diverging dotted lines to be great, the forms marked 
to those marked and and those marked to will 
form three Teiy distinct genera. We shall also have two very 
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distinct genera descended from (I), differing widely from tlic 
descendants of (A). These two groups of genera %vili thus form 
two distinct families, or orders, according to the amount of 
divergent nK.diiieation supposed to be represented in the diagram. 
And the two new families, or orders, are descended from tAvo 
species of the original genus, and these are supposed to be 
de.H(‘endcd fnun some still more ancient and unknown fom. 

We iiiwe seen that in each country it is the species belonging to 
the larger genera Avhich oftenest present varieties or incipient 
species. This, imh'cd, might have been expected ; for, as natural 
selection acts thnnigh one form having some advantage over other 
forms in the struggle for existence, it will chietiy act on those 
which alrcafly have some advantage; and the largeness cf any 
group shows that its species have inherited from a common 
ancestor some ad^'anfage in ccmimon. Hence, the straggle for the 
profluction of new' and modihed descendants will mainty lie 
between the larger groups which are all trying to increase in 
number. One large group will .slowly conquer another large 
group, reduce its numbers, and thus lessen its chance of further 
variation and improvement. Within the same largo group, the 
later and more highly perfected &'ub-group3, from iirauching out 
and seizing on many now places in the polity of Nature, will 
constantly tend to supplant and destroy the earlier and less 
improved sub-groups. fc>mall and broken groups and sub-groups 
will finally disapj^ear. Looking to the future, we can predict that 
the groups of organic beings which are now large and triiunphant, 
and which are least broken up, that is, which liave as yet suffered 
least extinction, will, for a long period, continue to increase. But 
which groups will ultimately prevail, no man can predict ; for we 
know that many groups, formerly most extensively developed, 
have now become extinct. Looking still more remotely to the 
future, we may predict that, owing to the continued and steady 
increase of the larger grouj^, a multitude of smaller groups Avill 
bwome utterly extinct, and leave no modified descendants; and 
consequently that, of the species living at any one period, extremely 
few will transmit descendants to a remote futurity. I shall have 
to rtorn to this subject in the chapter on Classification, but I 
may add that as, according to this view, extremely few of the 
more ancient species have transmitted descendants to the present 
day, and, as all the descendants of the same specie form a class, 
we can understand how it is that there exists so few classy 
in each mam division of the animal and vegetable kingdoms. 
Although few of the most ancient species have left modified 
dweendants, yet, at remote geological periods, the earth may have 
been almost as well peopled with specie of many genera, families, 
orders, and claw^ aa at Mie preset Mme. 
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Xamrrl Selection acts eneiasively by the preservatioj and 
fit'v^iniulatioii of variatioii^. which are heneSeiai under t!:e opeariic 
and inorganic eonditions to wlii<‘]i each creature is crpe’^ed ai all 
jieriofis of life. The ultimate re.-^iiit is that each creature tends to 
become more and more improved in relation to its conditions. This 
inijirovemcnt ineviTably leads to the ^Tadual advanceiiient of the 
orgaiiisation of the greater nuinlxjr of living beings throagiiciit the 
world. lint here we enter on a very intricate subject, for natu- 
ralists have not defined to each other s satisfaction what is meant 
by an advance in organisation. ^Vnioiigst tlie vorfcel)rata the degree 
of intellect and aji approach in structure to man clearly come into 
play. It might be tiiought that the amount of tdiange which the 
varioiLs parts and organs p^ass through in their development from 
the embiyo to maturity would suffice as a standard of comparison ; 
but there are cases, as with certain parasitic crastaeeans, in ^diich 
several parts of the structure become less perfect, so that the 
mature animal cannot be called higher than its larva. Von Baerts 
standard seems the most mdely applicable and the best, namely, 
the amount of differentiation of the jjarts of the .same organic 
being, in the adult state as I should be inciined to add, and their 
specialisation for different functions ; or, as Alilne Edivards would 
express it, the completeness of the division of physiological labour. 
But w^e shall see how obscure this subject is if we look, for instance, 
to fishes, amongst wdiich some naturalists rank those as highest 
wdiich, like the sharks, approach nearest to amphibians ; whilst 
other naturalists rank the common bony or teleostean fishes as the 
highest, inasmuch as they are most strictly fish-like, and differ 
most from the other vertebrate classes. We see still more plainly 
the obscurity of the subject by turning to plants, amongst which 
the standard of intellect is of course quite excluded; and here 
some botanists rank those plants as highest which have every 
organ, as sepals, petals, stamens, and pistils, fully developed in 
each flower; whereas other botanists, probably with more truth, 
look at the plants which have their several organs much modified 
and reduced in number as the highest. 

If we take as the standard of high organisation, the amount of 
differentiation and specialisation of the several organs in each being 
when adult (and tMs will include the advancement of the brain 
for intellectual purposes), natural selection clearly leads towards 
this standard: for aft physiologists admit that the specialisation of 
oigaas, inasmuch as in this state they perform their funcrions 
better, is an advantage to each being; and hence the accumulaMcm 

variiationB tending towards specialisation is within the seeps of 
liiteni stetk^u. On liie other hand, we can 
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that all organic IteiiigA arc striving to increase at a hlgli ratio and 
to seize m every iiiioccu]4ed or less well occupied place ia tlie 
economy of nature, that it is quite possible for natural selection 
gradually to lit a being to a situation in wlilcli seveiiil organs 
wuiilil be ''(iperilutaK or useless ; in such cases there would be 
retrogrc'don in the nvde of organisation. WTiether orgaiii>atiori 
on the wliob* lia> aclaaliy advanced from the remotest geological 
periods to the pre.sent day will be more conveniently discussed in 
oiir chapter on ik*oif*rieaI Succession. 

But it may be objected that if all orgaub? beings thu?, lend to 
ri.Hi in tin. .cal *, liow i.. it that ihronghoui the wt#rld a luiiltitudu 
of the iO\vc.-t lurnL-^ still exist ; ami how is ii that in each great 
class S' ‘me formic are far more highly developed than others ? "Wliy 
have not- the more highly developed forms everywhere supplanted 
and exterminated the knver i Lamarck, -who believed in an innate 
and incvltabk* leiideticj towards porfecdon in ail organic beings, 
seeins icj have felt this diliiciilr^" su strongly, that he was led lo 
Mipp{>se that Lew and siinjde foiins are continual ly being produced 
by spontanecais gteiieratioii. t^cienco hats not as yd proved the 
truth of this belief, whatever the future may reveal. On our theory 
the continued existence of lowly organisms ofiers no difficulty; for 
natnml selection, or the survival of the litrest, does not necessarily 
include progressive development— it only takes advantage of such 
variations as arise and are beneficial to each creature under its 
complex relations of life. And it may be asked what advantage, 
as far as w<5 can see, would it be to an infusorian animalcule — to 
an inkistinal worm— or even to an earth-worm, to be highly or- 
ganised. If it were no advantage, these forms would be left, hy 
natural selection, unimproved or but little improved, and might 
remain for indefinite ages in their present lowly condition, ibnd 
geology tells us that some of the lowest forms, as the infusoria and 
rhizopods, have remained for an enormous period in nearly their 
present state. But to suppose that most of the many now existing 
low forms have not in the least advanced since the first dawn of 
life would be extremely rash ; for every naturalist who has dis- 
sected some of the beings now ranked as very low in the scale, 
must have been struck with their really w^ondrous and beautiful 
organisation. 

Nearly the same remarks are applicable if we look to the different 
grades of organisation within the same great group ; for instance, 
in the ve^brata, to the co-existence of maimnak and fish— amongst 
mammalia, to the co-existence of man and the omithorhynchus — 
amongst fishes, to the co-existence of the shark and the laneelet 
(Amphioxus), which latter fish in the extreme simplicity of its struc- 
ture approaches the invertebrate classes. But mammals and fish 
hardly come into competition with each other; the advancement of 
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the whole class of mammals, or of certain members In this elaes, to 
the highest grade would not lead to their taking the place of 
Physiologists believe that the brain must be bathed by warm blood 
to be highly active, and this requires aerial respiration ; .-o tliat 
warm-blooded niGmiiials when inhabiting the water lie nnider a 
disadvantage in having to come continually to the surface tc> 
breathe. With hshes, members of the shark family vroiiM not 
lend to supplant the lancelet; for the lancelei, as I hear from 
Fritz Miillcr, has as solo companion and competitor on the barren 
sandy shore of South Brazil, an anomalous annelid. The three 
lowest orders of mammals, namely, marsupials, edentata, and 
rodents, co-exist in South iAmerica in the same region with nume- 
rous monkeys, and probably interfere little wit.li each other. 
Although organisation, on the whole, may have advanced and be 
still advancing tliroiighout the world, yet the scale will always 
present many degrees of perfection; for the high advancement of 
certain whole classes, or of certain members of each class, does not 
at all necessarily lead to the extinction of those groups with which 
they do not enter into close competition. In some cases, as we 
shall hereafter see, lowly organised forms appear to have been 
preserved to the present day, from inhabiting confined or peculiar 
stations, where they have 1>een subjected to less severe competi- 
tion, and where their scanty numbers have retarded the chance of 
favourable variations arising. 

Finally, I believe that many lowly organised forms now exist 
tliioughont the world, from various causes. In some cases 
variations or individual differences of a favourable nature may 
never have arisen for natural selection to act on and accumulate. 
Ill no case, probably, has time sufficed for the utmost possible 
amount of development. In some few cases there has been what 
we must call retrogression of organisation. But the main cause 
lies in the fact that under very simple conditions of life a high 
organisation wonld be of no service, — possibly would be of actual 
disservice, as being of a more delicate nature, and more liable to 
be put out of order and injured. 

Looking to the first dawn of life, when all organic beings, as 
we may believe, presented the simplest structure, how, it has been 
asked, could the first steps in the advancement or differentiation 
of parts have arisen? Air. Herbert Spencer would probably 
answer that, as soon as simple unicellular organism came by 
growth or division to be compounded of several cells, or became 
attached to any supporting surface, his law “that homologous 
units of any order become differentiated in proportion as ttieir 
relations to incident forces become different” would come into 
action. But as we have no facts to guide us, speculation on the 
subject is almost useto. It isj however, an error to suppose that 
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there would be iio struggle for existence, and, consequently, no 
natural selection, until many forms liad been produced; variations 
in a single species inhabiting an isolated station might be 
beneficial, and thus the whole mass of individuals might be 
modified, or two distinct forms might arise. But, as I remarked 
towards the close of the Introduction, no one ought to feel 
surprise at much remaining as yet unexplained on the origin of 
species, if we make due allowance for our profound ignorance 
on the mutual relations of the inhabitants of the world at the 
present time, and still more so during past ages. 

Convergence of Gharacier. 

Mr. H. C. Watson thinks that I have overrated the importance 
of divergence of character (in which, however, he apparently 
believes), and that convergence, as it may be called, has likewise 
played a part. If two species, belonging to tw^o distinct though 
allied genera, had both produced a large number of new and 
divergent forims, it Is conceivable that these might approach each 
other so closely that they wmild have all to be classed under the 
same genus; and thus the descendants of two distinct genera 
would converge into one. But it w’ould in most cases be extremely 
rash to attribute to convergence a close and general similarity of 
structure in the modified descendants of widely distinct forms. 
The shape of a crystal is determined solely by the molecular 
forces, and it is not surprising that dissimilar substances should 
sometimes assume the same form; but with organic beings we 
should bear in mind that the form of each depends on an infinitude 
of complex relations, namely on the variations which have arisen, 
these being due to causes far too intricate to be followed out, — 
on the nature of the variations which have been preserved or 
selected, and this depends on the surrounding physical conditions, 
and in a still higher degree on the surrounding organisms with 
which each being has come into competition, — and lastly, on 
inheritance (in itself a fluctuating element) from innumerable 
progenitors, all of which have had their forms determined through 
equally complex relations. It is incredible that the descendants 
of two organisms, which had originally differed in a marked 
manner, should ever afterwards converge so closely as to lead to 
a near approach to identity throughout their whole organisation. 
If tMs had occurred, we should meet with the same form, inde- 
pendently of genetic connection, recurring in widely separated 
geological formations ^ and 'the balance of evidence is opposed to 
any such an admission. 

Mr. Watson has also objected that the continued action of 
natural selection, together with divergence of character, would 
tend to make an indefedte nnmber of specific forma. As far as 
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mere inorganic conditions are concerned, it seems probable that 
a sufficient number of species would soon become adapted to all 
considerable diversities of beat, moisture, &c. ; but I fully admit 
that the mutual relations of organic beings are more important ; 
and as the number of species in any country goes on increasing, 
the organic conditions of life must become more and more 
complex. Consequently there seems at first sight no limit to the 
amount of profitable diversification of structure, and therefore no 
limit to the number of species which might be produced. We do 
not know that even the most prolific area is fully stocked with 
specific forms : at the Gape of Good Hope and in Australia, wdiich 
support such an astonishing number of species, many European 
plants have become naturalised. But geology shows us, that 
from an early i)art of the tertiary period the number of species of 
shells, and that from the middle part of this same period the 
number of mammals, has not greatly or at all increased. What 
then checks an indefinite increase in the number of species ? The 
amount of life (I do not mean the number of specific forms) 
supported on an area, must have a limit, depending so largely as 
it does on physical conditions ; therefore, if an area be inhabited 
by very many species, each or nearly each species will be repre- 
sented by few individuals; and such si)ecies will be liable to 
extermination from accidental fluctuations in the nature of the 
seasons or in the number of their enemies. The process of 
extermination in such cases would be I'apid, whereas the production 
of new species must always be slow. Imagine the extreme case 
of as many species as individuals in England, and the first severe 
winter or very dry summer would exterminate thousands on 
thousands of species. Rare species, and each species will become 
rare if the number of species ih any country becomes indefinitely 
increased, will, on the principle often explained, present within a 
given period few favourable variations ; consequently, the process 
of giving birth to new specific forms would thus be retarded. 
*\^lien any species becomes very rare, close interbreeding will 
help to exterminate it ; authors have thought that this comes into 
play in accounting for the deterioration of the Aurochs in 
Lithuania, of Red Beer in Scotland, and of Bears in Norway, &c. 
Lastly, and this I am inclined to think is the most important 
element, a dominant species, which has already beaten many 
competitors in its own home, will tend to spread and supplant 
many others. Alph. de Candolle has shown that those species 
which spread widely, tend generally to spread mry widely; 
consequently, they will tend to supplant and exterminate several 
fpeeies in several areas, and thus cheek the inordinate increase of 
specific forms throughout the world. Dr. Hooker has reoenily 
lAown that in the comer of Australia, where, appocently, 
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tlicre are many invaders from different quarters of the globe, the 
endemic Australian species have been greatly reduced in number. 
How much weight to attribute to these several considerations 
1 will not pretend to nay; but conjointly they must limit in each 
country the tendency to an indefinite augmentation of specific 
forms. 

Smutmry of Chapter, 

If under changing conditions of life organic beings present indi 
vidiial differences in almost every part of their structure, and this 
cwinnot be disputed ; if there be, owing to their geometrical rate 
of increase, a severe straggle for life at some age, season, or year, 
and this certainly cannot be disputed ; then, considering the iii- 
liiiite complexity of the relations of all organic beings to each 
other and to their conditions of life, causing an infinite diversity 
ill structure, constitution, and habits, to be advantageous to them, 
it would be a most extraordinary fact if no variations had ever 
occurred useful to each being’s own welfare, in the same manner 
as so many variations have occurred useful to man. But if varia- 
tions useful to any organic being ever do occur, assuredly indivi- 
duals thus characterised will have the best chance of being 
preserved in the struggle for life ; and from the strong principle 
of inheritance, these will tend to produce offspring similarly 
characterised. This principle of preservation, or the survival of 
the fittest, I have called Natural Selection. It leads to the im- 
provement of each creature in relation to its organic and inorganic 
conditions of life ; and consequently, in most cases, to what must 
be regarded as an advance in orpnisation. Nevertheless, low and 
simple forms will long endure if well fitted for their simple con- 
ditions of life. 

Natural selection, on the principle of qualities being inherited 
at corresponding ages, can modify the egg, seed, or young, as 
easily as the adult. Amongst many animals, sexual selection will 
have given its aid to ordinary selection, by assuring to the most 
vigorous and best adapted males the greatest number of offspring. 
Seiual selection will also ^ve characters useful to the males 
alone, in their struggles or rivalry with other males ; and these 
characters will be transmitted to one sex or to both sexei^ accord- 
ing to the form of inheritance which prevails. 

Whether natural selection has really thus acted in adapting the 
various forms of life to their several conditions and stations^ must 
be judged by the general tenor and balance of evidence given in 
the following chapters. But we have already seen how it entails 
extinction; and how laigdy extinction has acted in world’s 
history, geology plainly declares. Natural selection, also, laids 
to divergence of character; for the more organic beings diverge in 
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structure, habits, and constitution, by so much the more can a 
large number be supported on the area, — of which we see proof by- 
looking to the inhabitants of any small spot, and to the produc- 
tions naturalised in foreign lands. Therefore, during the modifi- 
cation of the descendants of any one species, and during the 
incessant struggle of all species to increa-se in numbers, the more 
diversified the descendants become, the better will be their chance 
of success in the battle for life. Thus the small differences dis- 
tinguishing varieties of the same species, steadily tend to increase, 
till they equal the greater differences between si3ecies of the same 
genus, or even of distinct genera. 

We have seen that it is the common, the widely-diffused and 
widely-ranging species, belonging to the larger genera within each 
class, which vary most ; and these tend to transmit to their modi- 
fied offspring that superiority which now makes them dominant in 
their own countries. Natural selection, as has just been remarked, 
leads to divergence of character and to much extinction of the less 
improved and intermediate forms of life. On these principles, the 
nature of the affinities, and the generally v'ell-defined distinctions 
between the innumerable organic beings in each class throughout 
the world, may be explained. It is a truly wonderful fact — the 
wonder of which w’e are apt to overlook from familiarity — that all 
animals and all plants throughout all time and space should be 
related to each other in groups, subordinate to groups, in the 
manner which we everywhere behold — namely, varieties of the 
same species most closely related, species of the same genus less 
closely and unequally related, forming sections and sub-genera, 
species of distinct genera much less closely related, and genera 
related in different degrees, forming sub-families, families, orders, 
sub-classes and classes. The several subordinate groups in any 
class cannot be ranked in a single file, but seem vclustered round 
points, and these round other points, and so on in almost endless 
cycles. If species had been independently created, no explana- 
tion would have been possible of this kind of classification ; but it 
is explained through inheritance and the complex action of 
natural selection, entailing extinction and divergence of character, 
as we have seen illustrated in the diagram. 

The affinities of all the beings of the same class have sometimes 
been represented by a great tree. I believe this simile largely 
speaks the truth. The green and budding twigs may represent 
existing species ; and those produced during former years may 
represent the long succession of extinct species. At each period 
of growth all the growing twigs have tried to branch out on aE 
sides, and to overtop and kffl the surrounding twigs and branches, 
in the same manner as species and groups of species have at all 
times overmastered other species in the great battle for life* Tffie 

E 
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limbs divided into great brandies, and these into lesser and lesser 
branches, ivere themselves once, when the tree was young, budding 
twigs; and this connection of the former and present buds by 
ramifying branches may well represent the classification of al! 
extinct and living species in groups subordinate to groups. Of 
the many twigs which flourished when the tree was a mere bush, 
only two or three, now grown into great branches, yet survive and 
bear the other branches ; so wnth the species which lived during 
long-past geological periods, very few have left Ihnng and modi- 
fied descendants. From the first growth of the tree, many a limb 
and branch has decayed and dropped off ; and these fallen branches 
of various sizes may represent those whole orders, families, and 
genera which have now no living representatives, and which are 
known to us only in a fossil state. As wc here and there see a 
thin straggling branch springing from a fork low down in a tree, 
and which by some chance has been favoured and is still alive on 
its summit, so we occasionally see an animal like the Ornitho- 
rhynchiis or Le}>idosiren, which in some small degree connects by 
its affinities two large branches of life, and which has apparently 
been saved from fatal competition by having inhabited a protected 
station. As ]->uds give rise by growth to fresh buds, and these, if 
vigorous, ])raneli out and overtop on all sides many a feebler 
branch, so by generation I believe it has been with the great Tree 
of Life, which fills with its dead and broken branches the crust of 
the earth, and covers the surface with its ever-branching and 
beautiful ramifications. 


CHAPTER V. 

Laws of Vabiatiok. 

Effects of diangetl conditions — IJse and disuse, combined with natural selection ; 
organs of flight and of vision — Acclimatisation— Correlated variation — 
Compensation and economy of gro^vtb — False correlations — Multiple, 
rudimentary, and lowly organised structures variable — Parts developed in 
an unusual manner are highly variable : specific characters more variable 
than generic : secondary sexual characters variable — Species of the same 
genus vary in an analogous manner—Eeversions to long-lost cbaractera— 
Summary. 

I HAVE hitherto sometimes spoken as if the variations— so common 
and multiform with organic beings under domestication, and in a 
lesser degree with those under nature— were due to chance. This, 
of course, is a wholly incorrect expression, but it serves to acknow^ 
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ledge plainly our ignorance of the cause of each partieuiar Taria- 
tioii. Some authors believe it to be as much the function of the 
reproductive system to produce individual differences, or slight 
deviations of structure, as to make the child like its parents. But 
the fact of variations and monstrosities occurring much more fre- 
quently under domestication than under nature, and the greater 
variability of species having %vide ranges than of those with 
restricted ranges, lead to the conclusion that variability is generally 
related to the conditions of life to which each species has been 
exposed during several successive generations. In the first chapter 
I attempted to show that changed conditions act in two ways, 
directly on the whole organisation or on certain parts alone, and 
indirectly through the reproductive system. In all cases there are 
two factors, the nature of the organism, which is much the most 
important of the two, and the nature of the conditions. The direct 
action of changed conditions leads to definite or indefinite results. 
In the latter case the organisation seems to become plastic, and 
we have much fluctuating variability. In the former case the 
nature of the organism is such that it jdelds readily, when sub- 
jected to certain conditions, and all, or nearly all the individuals 
become modified in the same way. 

It is very difficult to decide how far changed conditions, .such as 
of climate, food, &c., have acted in a definite manner. There is 
reason to believe that in the course of time the effects have been 
greater than can be proved by clear e^ddence. But we may safely 
conclude that the innumerable complex co-adaptations of structure, 
which we see throughout nature between various organic beings, 
cannot be attributed simply to such action. In the following 
cases the conditions seem to have produced some slight definite 
effect: E. Forbes asserts that shells at their southern limit, and 
when living in shallow water, are more brightly coloured than 
those of the same species from further north or from a greater 
depths but this certainly does not always hold good, Mr. Gould 
believes that birds of the same species are more brightly coloured 
under a clear atmosphere, than when living near the coast or on 
islands; and Wollaston is convinced that residence near the sea 
affects the colours of insects. Moquin-Tandon gives a list of plants 
which, when growing near the sea-shore, have their leaves in some 
degree fleshy, though not elsewhere fleshy. These slightly varying 
organisms are interesting in as far as they present characters analo- 
gous to those possessed by the species which are confined to similar 
conditions. 

Y^en a variation is of the slightest use to any being, we canqot 
tell how much to attribute to the accumulative action of natural 
seleefciop, and how n^uch to the definite action of the conditions of 
Met TShua, it is wm known to furriers that animals (d the 
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species have thicker and better fur the further north they live; 
but who can tell how much of this difference may be due to the 
warmest-clad individuals having been favoured and preserved 
during many generations, and how much to the action of the 
severe climate ? for it would appear that climate has some direct 
action on the hair of our domestic quadrupeds. 

Instances could be given of similar varieties being produced 
from the same species under external conditions of life as different 
as can well bo conceived; and, on the other hand, of dissimilar 
varieties being produced under apparently the same external 
conditions. Again, innumerable instances arc known to every 
naturalist, of species keeping true, or not varying at all, although 
living under the most opposite climates. Such considerations ac 
these incline me to lay less weight on the direct action of the 
surrounding conditions, than on a tendency to vary, due to causes 
of which we are quite ignorant. 

In one sense the conditions of life may be said, not only to 
cause variability, either directly or indirectly, but likewise to 
include natural selection, for the conditions determine whether 
this or that variety shall survive. But when man is the selecting 
agent, we clearly see that the two elements of change are distinct; 
variability is in some manner excited, but it is the will of man 
which accumulates the variations in certain directions ; and it is 
this latter agency which answers to tho survival of the fittest 
under nature. 

Effects of tlie mcreased Use and Disuse of Farts, as 
controlled hy Natural (Selection, 

Prom the facts alluded to in the first chapter, I think there can 
be no doubt that use in our domestic animals has strengthened 
and enlarged certain parts, and disuse diminished them; and that 
such modifications are inherited. Under free nature, we have no 
standard of comparison, by which to judge of the effects of long- 
continued use or disuse, for we know not the parent-forms; but 
many animals possess structures which can be best explain^ by 
the effects of disuse. As Professor Owen has remarked, there is 
no greater anomaly in nature than a bird that cannot fly; yet 
there are several in this state. The logger-headed duck of South 
America can only flap along the surface of the water, and Ims its 
wings in nearly the same condition as the domestic Aylesbury 
duck; it is a remarkable fact that the young birds, according to 
Mr. Cunningham, can fly, while the adults have lost this power. 
As the larger ^ound-feeding birds seldom take flight except to 
escape danger, it is probable that the nearly wingless condition of 
several birds,, now inhabiting or which lately inhabited severs/ 
oceanic islands, tenanted by no beasts of prey, has been caused fay 
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disuse. Tile ostrich indeed inhabits continents, and is exposed to 
danger from which it cannot escape by flight, but it can defend 
itself by kicking its enemies, as efficiently as many quadrupeds. 
We may believe that the progenitor of the ostrich genus had habits 
like those of the bustard, and that, as the size and weight of its 
body were increased during successive generations, its legs were 
used more, and its wings less, until they became incapable of 
flight. 

Kirby has remarked (and I have observed the same fact) that 
the anterior tarsi, or feet, of many male dung-feeding beetles are 
often broken ofl* ; ho examined seventeen specimens in his own 
collection, and not one had even a relic left. Li the Onites apelles 
the tarsi are so habitually lost, that the insect has been described 
as not having them. In some other genera they are present, but 
in a rudimentary condition. In the Ateiichus or sacred beetle of 
the Egyptians, they are totally deficient. The evidence that acci- 
dental mutilations can be inherited is at present not decisive; but 
the remarkable cases observed by Brown-Sequard in guinea-pigs, 
of the inherited efleots of operations, should make us cautious in 
denying this tendency. Hence it will perhaps be safest to look at 
the entire absence of the anterior tarsi in Ateiichus, and their 
rudimentary condition in some otlier genera, not as cases of 
inherited mutilations, but as due to the effects of long-continued 
disuse ; for as many dung-feeding beetles are generally found with 
their tarsi lost, this must happen early in life ; therefore the tarsi 
cannot be of much importance or be much used by these insects. 

In some cases we might easily jmt down to disuse modifications 
of structure which are wholly, or mainly, due to natural selection. 
Mr. Wollaston has discovered the remarkable fact that 200 beetles, 
out of the 550 vSpecioH (but more are now known) inhabiting Madeira, 
are so far deficient in wings that they cannot fly ; and that, of the 
twenty-nine endemic genera, no loss than twenty-three have all 
their species in this condition I Several facts, — namely, that beetles 
in many parts of the world are frequently blown to sea and perish ; 
that the beetles in Madeira, as observed by Mr. Wollaston, lie much 
concealed, until the wind lulls and the sun shines ; that the pro- 
portion of wingless beetles is larger on the exposed DeSertas than 
in Madeira itself ; and especially the extraordinary fact, so strongly 
insisted on by Mr. Wollaston, that certain large groups of beetles, 
elsewhere excessively numerous, which absolutely require the use 
of their wings, are hero almost entirely absent ; — these several con- 
siderations make me believe that the wingless condition of so 
many Madeira beetles is mainly due to the action of natural selec- 
tion, combined probably with disuse. For during many successive 
generations each individual beetle which flew least, either from its 
winfs having been evey so little less perfectly developed or fron^ 
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indoieEt habit, will have had the best chance of surviving from 
not being blown, out to sea ; and, on the other hand, those beetles 
which most readily took to flight would oftenest have been blown 
to sea, and thus destroyed. 

The insects in Madeira which are not ground-feeders, and 
which, as certain dower-feeding coleoptera and lepidoptera, must 
habitually use their wings to gain their subsistence, have, as 
Mr. Wollaston suspects, their wings not at all reduced, but even 
enlarged. This is quite compatible with the action of natural 
selection. For when a new insect first arrived on the island, the 
tendency of natural selection to enlarge or to reduce the wings, 
would depend on whether a greater number of individuals were 
saved by successfully battling with the winds, or by giving up the 
attempt and rarely or never flying. As with mariners ship- 
wrecked near a coast, it wmiild have been better for tlie good 
swimmers if they had been able to swim still further, whereas it 
would have been better for the bad swimmers if they had not 
been able to swim at all and had stuck to the wreck. 

The eyes of moles and of some burrowing rodents are rudi- 
mentary in size, and in some cases are quite covered by skin and 
fur. This state of the eyes is probably due to gradual reduction 
from disuse, but aided perhaps by natural selection. In South 
America, a burrowing rodent, the tuco-tuco, or Ctenomys, is even 
more subterranean in its habits than the mole ; and 1 w^as assured 
by a Spaniard, who had often caught them, that they were 
frequently blind. One which I kept alive was certainly in this 
condition, the cause, as appeared on dissection, having been in- 
flammation of the nictitating membrane. As frequent inflam- 
mation of the eyes must be injurious to any animal, and as eyes 
are certainly not necessary to animals having subterranean habits, 
a reduction in their size, with the adhesion of the eyelids and 
growth of fur over them, might in such case be an advantage; 
and if so, natural selection would aid the effects of disuse. 

It is well known that several animals, belonging to the most 
different classes, which inhabit the caves of Camiola and of 
Kentucky, are blind. In some of the crabs the foot-stalk for the 
eye remains, though the eye is gone;— the stand for the telescope 
is there, though the telescope with its glasses has been lost. As 
it is difficult to imagine that eyes, though useless, could be in any 
way injurious to animals living in darkness, their loss may be 
attributed to disuse. In one of the blind animals, namely, the 
cave-rat (Neotoma), two of which were captured by Professor 
Silliman at above half a mile dfetance from the mouth of the 
cave, and therefore not in the profoundest depths, the eyes were 
lustrous and o£^ large size ; and these animals, as I am informed 
, by Professor SiUiman, alter having been exposed for about m 
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month to a graduated light, acquired a dim perception of 
objects. 

It is difficult to imagine conditions of life more similar than 
deep limestone caverns under a nearly similar climate ; so that, in 
accordance with the old view of the blind animals having been 
separately created for the American and European caverns, very 
close similarity in their oi'ganisation and affinities might have 
been exjiccted. This is certainly not the case if wo look at the 
two whole faunas ; and with respect to the insects alone, Schiodte 
has remarked, ‘‘ We are accordingly ijrevented from considering 
tlie entire phenomenon in any other light than something purely 
local, and the similarity which is exhibited in a few forms between 
the Mammoth cave (in Kentncky) and the caves in Carniola, 
otherwise than as a very plain expression of that analogy which 
subsists generally between the fauna of Europe and of North 
America.” On my view %vg must supi^ose that American animals, 
having in most cases ordinary powers of vision, slowly migrated 
by successive generations from the outer world into the deeper 
and dcei)er recesses of the Kentucky caves, as did European 
animals into the caves of Europe. We have some evidence of 
tliis gradation of habit ; for, as Schiodte remarks, “ We accordingly 
look upon the subterranean faunas as small ramifications which 
have penetrated into the earth from the geographically limited 
faunas of the adjacent tracts, and which, as they extended them- 
selves into darkness, have been accommodatod to surrounding 
edreumstances. Animals not far remote from ordinary forms, 
prepare the transition from light to darkness. Next follow those 
that arc constructed for twilight; and, last of all, those destined 
for total darkness, and whose fonnation is quite peculiar.” These 
remarks of Bchiodte/s, it should be understood, apidy not to the 
same, but to distinct species. By the time that an animal had 
rcaeh(j(l, after numberless generations, the deepest recesses, disuse 
will on this view have more or less perfectly obliterated its eyes, 
and natural selection will often have effected other changes, such 
as an incresase in the length of the antennae or palpi, as a com- 
pensation for blindness. Notwithstanding such modifications, we 
might expect still to see in the cave-animals of America, affinities 
to the other inhabitants of that continent, and in those of Europe 
to the inhabitants of the European continent And this is the 
case with some of the American cave-animals, as I hear from 
Ihrofessor Dana ; and some of the European cave-insects are very 
closely allied to those of the surrounding country. It would be 
difficult to give any rational explanation of the affinities of the 
blind cave-animals to the other inhabitants of the two continents 
on' the* ordinary view of their independent creation. That seveii$.! 
of the Inhabitimts of the caves of the Old and New Worlds should 
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be closely related, we miglxt expect from the well-known relation- 
ship of most of their other productions. As a blind species of 
Bathyscia is found in abundance on shady rocks far from caves, 
the loss of vision in the cave-species of this one genus has probably 
had no relation to its dark habitation ; for it is natural that an 
insect already deprived of vision should readily become adapted 
to dark caverns. Another blind genus (Anophthalmus) offers this 
remarkable peculiarity, that the species, as hlr. Murray observes, 
have not as yet been found anywhere except in caves ; yet those 
which inhabit the several caves of Eurojie and America are 
distinct; but it is possible that the progenitors of these several 
species, whilst they were furnished with eyes, may formerly have 
ranged over both continents, and then have become extinct, 
excepting in their present secluded abodes. Far from feeling 
surprise that some of the cave-animals should be very anomalous, 
as Agassiz has remarked in regard to the blind hsh, the Ambly- 
opsis, and as is the case with the blind Proteus with reference to 
the reptiles of Europe, I am only surprised that more wrecks of 
ancient life have not been preserved, owing to the less severe 
competition to which the scanty inhabitants of these dark abodes 
will have been exposed. 

A cclmiatlsaiimi. 

Habit is hereditary with plants, as in the peiiod of flowering, 
in the time of sleep, in the amount of rain requisite for seeds to 
germinate, &c., and this leads me to say a few words on acclima- 
tisation. As it is extremely common for distinct species belonging 
to the same genus to inhabit hot and cold countries, if it bo true 
that all the species of the same genus are descended from a single 
parent-form, acclimatisation must be readily effected during a 
long course of descent. It is notorious that each species is 
adapted to the climate of its own home : species from an arctic or 
even from a temperate region cannot endure a tropical climate, or 
conversely. So again, many succulent plants cannot endure a 
damp climate. But the degree of adaptation of species to the 
climates under which they live is often overrated. We may infer 
this from our frequent inability to predict whether or not an 
imported plant will endure our climate, and from the number of 
plants and animals brought from different countries which are 
here perfectly healthy. We have reason to believe that species 
in a state of nature are closely limited in their ranges by the 
competition of other organic beings quite as much as, or more 
than, by adaptation to particular climates. But whether or not 
this adaptation is in most cases very close, we have evidence with 
some few plants, of their becoming, to a certain extent, natur- 
ally habituated to different temperatures ; that is, they become 
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acclimatised : thus tlie pines and rhododendrons, raised from seed 
collected by Dr. Hooker from the same species growing at different 
heights on the Himalaya, were found to possess in this country 
different constitutional powers of resisting cold. Hr. Thwaites 
informs me that he has observed similar facts in Ceylon; analogous 
observations have been made by Mr. H. C- Watson on European 
species of plants brought from the Azores to England; and I 
could give other cases. In regard to animals, several authentic 
instances could be adduced of species having largely extended, 
within historical times, their range from warmer to cooler latitudes, 
and conversely; but wo do not positively know that those animals 
wore strictly adapted to their native climate, though in all ordinary 
cases we assume such to be the case ; nor do we know that they 
liave subsequently become specially acclimatised to their new 
homes, so as to bo better fitted for them than they were at first. 

As 'ive may infer that our domestic animals were originally 
chosen by uncivilised man because they were useful and because 
they bred readily under confinement, and not because they were 
subsequently found capable of far-extended transportation, the 
common and extraordinary capacity in our domestic animals of 
not only withstanding the most different climates, but of being 
perfectly fertile (a far severer test) under them, may bo used as an 
argument that a large proxjortion of other animals now in a state 
of nature could easily be brought to bear -widely difierent climates. 
We must not, however, push the foregoing argument too far, on 
account of tlie probalfio origin of some of our domestic animals 
from several wild stocks; the blood, for instance, of a tropical 
and arctic wolf may i>erhax)s be mingled in our domestic breeds. 

rat and mouse cannot be considered as domestic animals, but 
they have been transported by man to many parts of the world, 
and now have a far wider range than any other rodent; for 
they live under the cold climate of Faroe in the north and of the 
Falldands in the south, and on many an island in the torrid zones. 
Hence adaptation to any special climate may be looked at as a 
quality readily grafted on an innate wide flexibility of constitution, 
comnion to most animals. On this view, the cai>acity of enduring 
the most diflbrent climates by man himself and by his domestic 
animals, and the fact of the extinct elephant and rhinoceros having 
formerly endured a glacial climate, whereas the living species are 
now all tropical or sub-tropical in their habits, ought not to bo 
looked at as anomalies, but as examples of a very common flexi- 
bility of constitution, brought, under peculiar circumstances, into 
action. 

How much of the acclimatisation of species to any peculiar 
climate is due to mere habit, and how much to the natural selec- 
tion of mriefcies huYing different innate constitution^ and how 
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mucli to both means combined, is an obscure question. That habit 
or custom has some influence, I must believe, both from analogy 
and from the incessant advice given in agricultural works, even in 
the ancient Encyclopeedias of China, to be very cautious in trans- 
porting animals from one district to another. And as it is not 
likely that man should have succeeded in selecting so many breeds 
and sub-breeds v/itli constitutions specially fitted for their own 
districts, the result must, I think, be due to habit. On the other 
hand, natural selection would inevitably tend to preserve those 
individuals which were born with constitutions best adapted to 
any countiy which they inhabited. In treatises on many kinds of 
cultivated i)lants, certain varieties are said to withstand certain 
climates better than others ; this is strikingly shown in works on 
fruit-trees published in the United States, in which certain varie- 
ties are habitually recommended for the northern and others for 
the southern States ; and as most of these varieties are of recent 
origin, they cannot owe their constitutional diflerences to habit. 
The case of the Jerusalem artichoke, which is never propagated in 
England by seed, and of which consequently new varieties have 
not been produced, has even been advanced, as proving that 
acclimatisation cannot be effected, for it is now as tender as ever 
it was ! The case, also, of the kidney-bean has been often cited 
for a similar purpose, and with much greater weight ; but until 
someone will sow, during a score of generations, his kidney-beans 
so early that a very large proportion are destroyed by frost, and 
then collect seed from the few survivors, with care to ])rovent acci- 
dental crosses, and then again get seed from these seedlings, with 
the same precautions, the experiment cannot be said to have been 
tried. Nor let it be supposed that differences in the constitution 
of seedling kidney-beans never appear, for an account has been 
published how much more hardy some seedlings are than others; 
and of this fact I have myself observed striking instances. 

On the whole, we may conclude that habit, or use and disuse, 
have, in some cases, played a considerable part in the modification 
of the constitution and structure; but that the effects have often 
been largely combined with, and sometimes overmastered by, the 
natural selection of innate variations. 

Correlated Variation. 

I mean by this expression that the whole organisation is so tied 
together during its growth and development, that when slight 
variations in any one part occur, and are accumulated through 
natural selection, other parts become modified. This is a very im- 
portant subject, most imperfectly understood, and no doubt wholly 
different classes of facts may be here easily confounded together. 
We shall presently see that simple inheritance often gives the false 
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appearance of correlation. One of the most ohvioiis real cases is, 
that variations of structure arising in the young or Lrvie naturaUy 
tend to affect the structure of the mature animal. Tbe several 
parts of the body which are homologous, and which, at an early 
embryonic period, are identical in structure, and which are neces- 
sarily exposed to similar conditions, seem eminently liable to vary 
in a like manner : we see this in the right and left sides of the 
body varying in the same manner; in the front and hind legs, and 
even in the jaws and limbs, varying together, for the lower jaw is 
believed by some anatomists to be homologous with the limbs. 
These tendencies, I do not doubt, may be mastered more or less 
completely by natural selection ; thus a family of stags once existed 
with an antler only on one side ; and if this had been of any great 
use to the breed, it might probably have been rendered permanent 
hy selection. 

Homologous parts, as has been remarked by some authors, tend 
to cohere ; this is often seen in monstrous plants : and nothing is 
more common than the union of homologous jiarts in normal struc- 
tures, as in the union of the petals into a tube. Hard parts seem 
to affect the form of adjoining soft parts ; it is believed by some 
authors that with birds the diversity in the shape of the pelvis 
causes the remarkable diversity in the shape of their kidneys. 
Others believe that the shape of the pelvis in the human mother 
influences by pressure the shape of the head of the child. In 
snakes, according to Sehlegel, the form of the body and the 
manner of swallowing determine the position and form of several 
of the most important viscera. 

The nature of the bond is frequently quite obscure. M. Is. 
(xeoffroy St. Hilaire has forcibly remarked, that certain malcon- 
formations frequently, and that others rarely, co-exist, without 
our being able to assign any reason. What can be more singular 
than the relation in cats between complete whiteness and blue 
eyes with deafness, or between the tortoise-shell colour and the 
female sex; or in pigeons between their feathered feet and skin 
betwixt the outer toes, or between the presence of more or less 
down on the young pigeon when first hatched, with the future 
colour of its plumage ; or, again, the relation between the hair and 
teeth in the naked Turkish dog, though here no doubt homology 
comes into play? With respect to this latter case of correlation, 
I think it can hardly be accidental, that the two orders of 
mammals which are most abnormal in their dermal covering, viz., 
Cetacea (whales) and Edentata (armadilloes, scaly ant-eaters, 
&c.), are likewise on the whole the most abnormal in their teeth; 
hut there are so many exceptions to this rule, as Mr. Mivart hm 
remark^, that it has little value. . ; 

I of m we hette adapted to show the importoaoe of Iha 
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laws of corrJation and variation, independently of utility and 
therefore of natural selection, than that of the difference between 
the outer and inner flowers in some Compositous and Umbelli- 
ferous plants. Every one is familiar with the difference between 
the ray and central florets of, for instance, the daisy, and this 
difference is often accompanied with the partial or complete 
abortion of the reproductive organs. But in some of these plants, 
the seeds also differ in shape and sculpture. These differences 
have sometimes been attributed to the pressure of the involucra 
on the florets, or to their mutual pressure, and the shape of the 
seeds in the ray -florets of some Compositee countenances this 
idea ; but with the Umbelliferas, it is by no means, as Dr. Hooker 
informs me, the species with the densest heads which most 
frequently differ in their inner and outer flowers. It might have 
been thought that the development of the ray-petals by drawdng 
nourishment from the reproductive organs causes their abortion ; 
but this can hardly be the sole cause, for in some Compositas the 
seeds of the outer and inner florets differ, without any difference 
in the corolla. Possibly these several differences may be connected 
with the different flow of nutriment towards the central and 
external flowers : we know, at least, that with irregular flowers, 
those nearest to the axis are most subject to peloria, that is to 
become abnormally symmetrical. I may add, as an instance of 
this fact, and as a striking case of correlation, that in many 
pelargoniums, the two upper petals in the central flower of the 
truss often lose their patches of darker colour; and when this 
occurs, the adherent nectary is quite aborted ; the central flower 
thus becoming peloric or regular. When the colour is absent 
from only one of the two upper petals, the nectary is not quite 
aborted but is much shortened. 

With respect to the development of the corolla, Sprengel’s idea 
that the ray-florets serve to attract insects, whose agency is highly 
advantageous or necessary for the fertilisation of these plants, is 
highly probable ; and if so, natural selection may have come into 
play. But with respect to the seeds, it seems impossible that 
their differences in shape, which are not always correlated with 
any difference in the corolla, can be in any way beneficial : yet in 
the Umbelliferse these differences are of such apparent impor- 
tance — the seeds being sometimes orthospermous in the exterior 
flowers and c(Blospermous in the central flowers, — that the elder 
Dfi OandoUe founded his main divisions in the order on such 
characters. Hence modifications of structure, viewed by systema- 
tists as of high value, may be wholly due to the laws of variation 
and correlation, without being, as far as we can judge, of the 
slightest service to the species. 

We may often falsely attribute tio correlated variation stracturee 
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wliicli are coiiinion to whole groiix)3 of species, and which in truth 
are simply due to inheritance; for an ancient progenitor may have 
acquired through natural selection some one nioditlcatioii in 
structure, and, after thousands of generations, some other and 
independent modification; and these two modifications, having 
Leen transmitted to a whole group of descendants wfith diverse 
habits, would naturally be thought to bo in s?ome necessary 
manner correlated. Some other correlations are apparently due 
to the manner in wliich natural selection can alone act. For 
instance, Alph. de Candolle has remarked that winged seeds are 
never found in fruits which do not open ; I should explain this 
rule by the impossibility of seeds gi^ually becoming winged 
through natural selection, unless the capsules were open ; for in 
this case alone conld the seeds, which were a little better adapted 
to be wafted by the wind, gain an advantage over others less 
w'eli fitted for wide dispersal. 

Compcnsatioii and Economy of Groioth, 

The elder Geofiroy and Goethe propounded, at about the same 
time, their law of compensation or balancement of growth; or, 
as Goethe expressed it, “in order to spend on one side, nature is 
forced to economise on the other side.” I think this holds true 
to a certain extent with our domestic productions : if nourishment 
flows to one part or organ in excess, it rarely flows, at least in 
excess, to another part ; thus it is difficult to get a cow to give 
much milk and to fatten readily. The same varieties of the 
cabbage do not yield abundant and nutritious foliage and a copious 
supply of oil-bearing seeds. When the seeds in our fruits become 
atrophied, the fruit itself gains largely in size and quality. In 
oixr poultry, a large tuft of feathers on the head is generally 
accompanied by a diminished comb and a large beard by 
diminished wattles. With species in a state of natui’e it can 
hardly be maintained that the law is of universal application ; but 
many good observers, more especially botanists, believe in its 
truth. I will not, however, here give any instances, for I see 
hardly any way of distinguishing between the effects, on the one 
hand, of a part being largely developed through natural selection 
and another and adjoining part being reduced by this same 
process or by disuse, and, on the other hand, the actual with- 
drawal of nutriment from one part owing to the excess of growth 
in another and adjoining part. 

I suspect, also, that some of the cases of compensation which 
have been advanced, and likewise some other facts, may be 
merged under a more general principle, namely, that natural 
selection is continually tiying to economise every pai:t of the 
oiganisation. It under changed conditions of life a straotmre^ 
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before useful, becomes less useful, its diminution will be favoured, 
for it will profit the individual not to have its nutriment wasted 
in building up an useless structure. 1 can thus only understand 
a fact with which 1 was much struck when examining cirripedes, 
and of which many analogous instances could be given : namely, 
that when a cirripede is parasitic pidtliin another cirripede and is 
thus protected, it loses more or less completely its own shell or 
carapace. This is the case wuth the male Ibla, and in a truly 
extraordinary manner with the ProteoleiDas : for the carapace in 
all other cirripedes consists of the three highly-important anterior 
segments of the head enormously developed, and furnished with 
great nerves and muscles; but in the parasitic and protected 
Proteolepas, the whole anterior part of the head is reduced to the 
merest rudiment attached to the bases of the prehensile antennse. 
Now the saving of a largo and complex structure, when rendered 
superfiuous, would be a decided advantage to each successive 
individual of the species; for in the struggle for life to which 
every animal is exposed, each would have a better chance of 
supporting itself, by less nutriment being wasted. 

Thus, as I believe, natural selection will tend in the long run 
to reduce any part of the organisation, as soon as it becomes, 
through changed habits, superfluous, without by any means 
causing some other part to be largely developed in a corresponding 
degree. And, conversely, that natural selection may perfectly 
well succeed in largely developing an organ without requiring as 
a necessary compensation the reduction of some adjoining part. 

Multiple^ Rvdimmtary, and Lotvly-organised Structures are 
Variable, 

It seems to be a rule, as remarked by Is. Geoffrey St. Hilaire, 
both with varieties and species, that when any part or organ is 
repeated many times in the same individual (as the vertebrse in 
snakes, and the stamens in polyandrous flowers) the number is 
variable ; whereas the same part or organ, when it occurs in lesser 
numbers, is constant. The same author as well as some botanists 
have further remarked that multiple parts are extremely liable to 
vary in structure. As “vegetative repetition,’^ to use Prof. 
Owen’s expression, is a sign of low organisation, the foregoing 
statements accord with the common opinion of naturalists, that 
beings which stand low in the scale of nature are more variable 
than those which are higher. I presume that lowness here means 
that the several parts of the organisation have been but little 
specialised for particular functions; and as long as the same part 
has to perform diversified worlq we can perhaps see why it should 
remain variably that is, why natural selection should not have 
preserved or rejected little deviatioii of form so carefully as 
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when the part lias to serve for some one special purpose. In ths 
same way that a knife which has to cut all sorts of things may be 
of almost any shape; whilst a tool for some particular purpose 
must be of some particular shaj>e. Natural selection, it should 
never be forgotten, can act solely through and for the advantage 
of each being. 

Rudimentary parts, as it is generally admitted, are apt to be 
highly variable. V.’e shall have to recur to this subject ; and I 
■will here only add that their variability seems to result from their 
uselessness, and consequently from natural selection having had 
no power to check deviations in their structure. 

A Fart developed in any Species in an extraordinary degree or 

manner, in comparison with the same Fart in allied Species, 

tends to he highly variable. 

Several years ago I was much struck by a remark, to the above 
effect, made by Mr. Waterhouse. Professor Owen, also, seems to 
have come to a nearly similar conclusion. It is hopeless to attempt 
to convince any one of the truth of the above proposith)n without 
giving the long array of facts which I have collected, and wduch 
cannot possibly be here introduced. I can only state my convic- 
tion that it is a rule of high generality. I am aware of several 
causes of error, but I hope that I have made due allowance for 
them. It should be understood that the rule by no means applies 
to any part, however unusually developed, unless it be unusually 
developed in one species or in a few species in comparison with 
the same part in many closely allied species. Thus, the wing of a 
bat is a most abnormal structure in the class of mammals, but the 
rule would not apply here, because the whole group of bats possesses 
wings ; it would apply only if some one species had wings developed 
in a remarkable manner in comparison with the other species of 
the same genus. The rule applies very strongly in the case of 
secondary sexual characters, when displayed in any unusual 
manner. The term, secondary sexual characters, used by Hunter, 
relates to characters which are attached to one sex, but are not 
directly connected with the act of reproduction. The rule applies 
to males and females; but more rarely to the females, as they 
seldom offer remarkable secondary sexual characters. The rale 
being so plainly applicable in the case of secondary sexual 
characters, may be due to the great variability of these characters, 
whether or not displayed in any unusual manner— of ■which fact 
I think there can be little doubt But that our rule is not confined 
to secondary sexual characters is clearly shown in the case of 
hermaphrodite cirripedea ; I p^icularly attended to Mr. Water- 
house^s pOmark, whilst investigating this Order, and I am felly 
convfec^ that the rale almost always holds good. I sl^ fe » 
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future work, give a list of all the more remarkable cases ; I will 
here give only one, as it illustrates the rule in its largest applica- 
tion. The opercular valves of sessile cerripedes (rock barnacles) 
are, in every sense of the word, very important structures, and 
they differ extremely little even in distinct genera; but in the 
several species of one genus, Pyrgoma, these valves present a 
marvellous amount of diversification; the homologous valves in 
the different species being sometimes wholly unlike in shape ; and 
the amount of variation in the individuals of the same species is 
so great, that it is no exaggeration to state that the varieties of 
the same species differ more from each other in the characters 
derived from these important organs, than do the species belong- 
ing to other distinct genera. 

As with birds the individuals of the same species, inhabiting 
the same country, vary extremely little, I have particularly 
attended to them ; and the rule certainly seems to hold good in 
this class. I cannot make out that it applies to plants, and this 
would have seriously shaken my belief in its truth, had not the 
great variability in plants made it particularly difficult to com- 
pare their relative degrees of variability. 

When we see any part or organ developed in a remarkable 
degree or manner in a species, the fair presumption is that it is of 
high importance to that species: nevertheless it is in this case 
eminently liable to %^ariation. Why should this be so *? On tho 
view that each species has been independently created, with all 
its parts as we now see them, I can see no explanation. But on 
the view that groups of species are descended from some other 
species, and have been modified through natural selection, I tliink 
we can obtain some light. First let me make some preliminaiy 
remarks. If, in our domestic animals, any part or the whole 
animal be neglected, and no selection be ai)plied, that imrt (for 
instance, the comb in the Dorking fowl) or the whole breed will 
cease to have a uniform charajster : and the breed may be said to 
be degenerating. In rudimentary organs, and in those which 
have been but little specialised for any particular purpose, and 
perhaps in polymorphic groups, we see a nearly parallel case ; for 
in such cases natural selection either has not or cannot have come 
into full play, and thus the organisation is left in a fluctuating 
condition. But what here more particularly concerns us is, that 
those points in our domestic animals, which at the present time 
are undergoing rapid change by continued selection, are also 
eminently liable to variation. Look at the individuals of the same 
breed of the pigeon, and see what a prodigious amount of differ- 
ence there is in the beaks of tumblers, in the beaks and wattle of 
camera^ in the carriage and tail of fautails, &c., these being the 
points now mainly attended to by English faneiera. Even in the 
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same siib-breed, as in that of the short-faced tuinblerj it is notori- 
ously difficult to breed nearly perfect birds, many departing widely 
from the standard. There may truly be said to be a constant 
struggle going on between, on the one hand, the tendency to 
reversion to a less perfect state, as well as an innate tendency to 
iie-w variations, and, on the other hand, the power of steady selec- 
tion to keep the breed true. In the long run selection gains the clay, 
and wf do not expect to fail so completely as to breed a bird as 
coarse as a common tumbler iDigeon from a good short-faced slTain. 
But as long as selection is rapidly going on, much variability in 
the parts undergoing modification may always be expected. 

Now let us turn to nature. When a part has been developed in 
an extraordinary manner in any one species, compared witli the 
other species of the same genus, v/e may conclude that this part 
has undergone an extraordinary amount of modification since the 
period when the seveml species branched offi from the common 
progenitor of the genus. This period will seldom be remote in 
any extreme degree, as species rarely endure for more than one 
geological period. An extraordinary amount of modification 
implies an unusually large and long-continued amount of varia 
bility, which has continually been accumulated by natural selec- 
tion for the benefit of the species. But as the variability of the 
extraordinarily developed i>art or organ has been so great and 
long-continued within a period not excessively remote, we might, 
as a general rule, still expect to find more variability in such parts 
than in other parts of the organisation which have remained for 
a much longer period nearly constant. And this, I am convinced, 
is the case. That the struggle between natural selection on the 
one hand, and the tendency to reversion and variability on the 
other hand, will in the course of time cease ; and that the most 
abnormally developed organs may be made constant, I see no 
reason to doubt. Hence, when an organ, however abnormal it may 
be, has been transmitted in approximately the same condition to 
many modified descendants, as in the case of the wing of the bat, 
it must have existed, according to our theory, for an immense 
period in nearly the same state ; and thus it has come not to be 
more variable than any other structure. It is only in those cases 
in which the modification has been comparatively recent and extra- 
ordinarily great that we ought to find the generative vaHahilii}}, 
as it may be called, still present in a high degree. For in this 
case the variability will seldom as yet have been fixed by the con- 
tinued selection of the individuals varying in the required manner 
and degree, and by the continued rejection of those tending to 
revert to a former and less-modified condition. 
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Specific Characters more Variable than Generic Characters, 

TJie principle discussed under the last heading may be applied 
to our present subject. It is notorious that specific characters 
are more variable than generic. To explain by a simple example 
what is meant ; if in a large genus of plants some species had blue 
flowers and some had red, the colour would be only a specific 
character, and no one would be surprised at one of the blue 
species varying into red, or conversely ; but if all the species had 
blue flowers, the colour would become a generic character, and 
its variation would be a more unusual circumstance. I have 
chosen tliis example because the explanation which most natural- 
ists would advance is not here applicable, namely, that specific 
characters are more variable than generic, because they are taken 
from parts of less physiological importance than those commonly 
used for classing genera. I believe this explanation is partly, yet 
only indirectly, true; I shall, however, have to return to this 
point in the chapter on Classification. It would be almost 
superfluous to adduce evidence in support of the statement, that 
ordinary specific characters are more variable than generic ; but 
with respect to important characters, I have repeatedly noticed 
in works on natural history, that when an author remarks with 
surprise that some important organ or part, which is generally 
very constant throughout a large group of species, differs con- 
siderably in closely-allied species, it is often variable in the 
individuals of the same species. And this fact shows that a 
character, which is generally of generic value, when it sinks in 
value and becomes only of specific value, often becomes variable, 
though its physiological importance may remain the same. 
Something of the same kind applies to monstrosities: at least 
Is. Geoffrey St Hilaire apparently entertains no doubt, that the 
more an organ normally differs in the different species of the same 
group, the more subject it is to anomalies in the individuals. 

On the ordinary view of each species having been independently 
created, why should that part of the structure, which differs from 
the same part in other independently-created species of the same 
geniis, be more variable than those parts which are closely alike 
in the several species? I do not see that any explanation can be 
given. But on the view that species are only strongly marked 
and fixed varieties, we might expect often to find them still 
continuing to vary in those parts of their structure which have 
varied within a moderately recent period, and which have thus 
come to differ. Or to state the <mse in another manner :--the 
points in which all the species of a genus resemble each other, 
and in which they differ from allied genera, are called generic 
characters ; and these characters may be attributed to Inheritance 
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from a common progenitor, for it can rarely have happened that 
natural selection will have modified several distinct species, fitted 
to more or less widel 5 ^-differeiit habits, in exactly the same 
manner: and as these so-called generic characters have been 
inherited from before the period when the several species first 
branched oli from their common progenitor, and snbseiiiieiitiy 
have not varied or come to differ in any degree, or only in a slight 
degree, it is not probable that they should vary at the present 
day. On the other hand, the points in which species differ from 
other species of the same genus are called specific characters ; 
and as these specific characters have varied and come to differ 
since the period when the species branched off from a common 
progenitor, it is probable that they should still often be in some 
degree variable, — at least more variable than those parts of the 
organisation which have for a very long period remained constant. 

b'econdarj/ Seosual CAamcters Variable, — I think it W’ill be 
admitted by naturalists, without my entering on details, that 
secondary sexual characters are highly variable. It will also be 
admitted that species of the same group differ from each other 
more widely in their secondary sexual characters, than in other 
parts of their organisation : compare, for instance, the amount of 
difference between the males of gallinaceous birds, in which 
secondary sexual characters are strongly disj)layed, with the 
amount of difference between the females. The cause of the 
original variability of these characters is not manifest ; but we 
can see why they should not have been rendered as constant and 
uniform as others, for they are accumulated by sexual selection, 
which is less rigid in its action than ordinary selection, as it does 
not entail death, but only gives fewer offspring to the less favoured 
males. Whatever the cause may be of the variability of secondary 
sexual characters, as they are highly variable, sexual selection 
will have had a wide scope for action, and may thus have 
succeeded in giving to the species of the same group a greater 
amount of difference in these than in other respects. 

It is a remarkable fact, that the secondary differences between 
the two sexes of the same species are generally displayed in the 
very same parts of the organisation in which the species of the 
same genus differ from each other. Of this fact I will give in 
illustration the two first instances which happen to stand on my 
list ; and as the differences in these cases are of a very unusual 
nature, the relation can hardly be accidental. The same number 
of joints in the tarsi is a character common to very large groups 
of beetles, but in the Engidae;, as Westwood has remarked, the 
number varies greatly ; and the number likewise differs in the two 
sexes of the same species. Again in the fossorial hymenoptera? 
the neumtion'of the wings is a character of the highest import* 
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ance, because common to large groups ; but in certain genera the 
neuration differs in the different species, and likewise in the two 
sexes of the same species. Sir J. Lubbock has recently remarked, 
that several minute crustaceans offer excellent illustrations of this 
law. “ In Pontella, for instance, the sexual characters are afforded 
mainly by the anterior antennae and by the fifth pair of legs : the 
specific differences also are principally given by these organs.” 
This relation has a clear meaning on my view : I look at all the 
species of the same genus as having as certainly descended from 
a common progenitor, as have the two sexes of any one species, 
Consequently, whatever pari of the structure of the common 
progenitor, or of its early descendants, became variable, variations 
of this part would, it is highly probable, be taken advantage of 
by natural and sexual selection, in order to fit the several species 
to their several places in the economy of nature, and likewise to 
fit the two sexes of the same species to each other, or to fit the 
males to struggle with other males for the possession of the 
females. 

Finally, then, I conclude that the greater variability of specific 
characters, or those which distinguish species from species, than 
of generic characters, or those which are possessed by all the 
species; — that the frequent extreme variability of any part which 
is developed in a species in an extraordinary manner in comparison 
with the same part in its congeners ; and the slight degree of 
variability in a part, however extraordinarily it may be developed, 
if it be common to a whole group of species; — that the great 
variability of secondary sexual characters, and their great differ- 
ence in closely allied species that secondary sexual and ordinary 
specific differences are generally displayed in the same parts of 
the organisation, — are principles closely connected together. 

All being mainly due to the species of the same group being the 
descendants of a common progenitor, from whom they have 
inherited much in common,— to parts which have recently and 
largely varied being more likely still to go on varying than parts 
which have long been inherited and have not varied— to natural 
selection having more or less completely, according to the lapse 
of time, overmastered the tendency to reversion and to further 
variability,— to sexual selection being less rigid than ordinary 
selection,— and to variations in the same parts having been 
accumulated by natural and sexual selection, and having been 
thus adapted for secondary sexual, and for ordinary purposes. 

DuUnct Species present analogous Variations^ so that a Yanety 
of one Species often assumes a Character proper to an allied 
Speciesj or reverts to some of the Characters of an early Pro- 
These propositions will be most readily understood by 
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looking to our domestic races. The most distinct Lreeds oi the 
pigeon, in countries mdely apart, present sub- varieties -Ritli 
reversed feathers on the head, and with feathers on the feet, — 
characters not possessed by the aboriginal rock-pigeon ; these tlien 
.ire analogous variations in two or more distinct races. The 
frequent presence of fourteen or even sixteen tail-feathers in the 
pouter may be considered as a variation representing the normal 
structure of raiother race, the fanlail. I presume that no one will 
doubt that all such analogous variations are due to the several 
races of the pigeon having inherited from a common parent the 
same constitution and tendency to variation, when acted on by 
similar unknown Influences. In the vegetable kingdom we have 
a case of analogous variation, in the enlarged stems, or as com- 
monly called roots, of the Swedish turnip and Ruta baga, plants 
which several botanists rank as varieties produced by cultivation 
from a common parent : if this be not so, the case will then be one 
of analogous variation in two so-called distinct species; and to 
these a third may be added, namely, the common turnip* 
According to the ordinary view of each species having been 
independently created, we should have to attribute this similarity 
in the enlarged steins of these three plants, not to the vera cmim 
of community of descent, and a consequent tendency to vary in 
a like manner, but to three separate yet closely related acts of 
creation. Afany similar cases of analogous variation have been 
observed by Naudin in the great gourd-family, and by various 
authors in our cereals. Similar cases occurring with insects under 
natural conditions have lately been discussed with much ability 
by Mr. Walsh, who has grouped them under his law of Equable 
Variability. 

With pigeons, however, we have another case, namely, the 
occasional appearance in all the breeds, of slaty-blue birds with 
two black bars on the wings, white loins, a bar at the end of the 
tail, with the outer feathers externally edged near their basis with 
white. As all these marks are characteristic of the parent rock- 
pigeon, I presume that no one will doubt that this is a case of 
reversion, and not of a new yet analogous variation appearing in 
the several breeds. We may, I thinly confidently come to this 
conclusion, because, as we have seen, these coloured marks are 
eminently liable to appear in the crossed offspring of two distinct 
and differently colour^ breeds ; and in this case there is nothing 
in the external conditions of life to cause the reappearance of the 
slaty-blue, with the several marks, beyond the influence of the 
mere act of crossing on the laws of inheritance. 

Fo doubt it is a very surprising fact that characters should 
reappear after having been lost for many, probably for hundreds 
of generations. But when a breed has been crossed only once 
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by some other breed, the offspring occasionally show for many 
generations a tendency to revert in character to the foreign breed — 
some say, for a dozen or even a score of generations. After twelve 
generations, the proportion of blood, to nse a common expression, 
from one ancestor, is only 1 in 2048; and yet, as we see, it is 
generally believed that a tendency to reversion is retained by 
this remnant of foreign blood. In a breed which has not been 
crossed but in which both parents have lost some character which 
their progenitor possessed, the tendency, whether strong or weak, 
to reproduce the lost character might, as was formerly remarked, 
for all that we can see to the contrary, be transmitted for almost 
any number of generations. When a character which has been 
lost in a breed, reappears after a great number of generations, 
the most probable hypothesis is, not that one individual suddenly 
takes after an ancestor removed by some hundred generations, 
but that in each successive generation the character in question 
has been lying latent, and at last, under unknown favourable 
conditions, is developed. With the barb-pigeon, for instance, 
which very rarely produces a blue bird, it is probable that there is 
a latent tendency in each generation to produce blue plumage. 
The abstract improbability of such a tendency being transmitted 
through a vast number of generations, is not greater than that of 
quite useless or rudimentary organs being similarly transmitted. 
A mere tendency to produce a rudiment is indeed sometimes 
thus inherited. 

As all the species of the same genus are supposed to be 
descended from a common progenitor, it might be expected that 
they would occasionally vary in an analogous manner ; so that 
the varieties of two or more species would resemble each other, 
or that a variety of one species would resemble in certain 
characters another and distinct species, — this other species being, 
according to our view, only a well-marked and permanent variety. 
But characters exclusively due to analogous variation would 
probably be of an unimportant nature, for the preservation of 
all functionally important characters will have been determined 
through natural selection, in accordance with the different habits 
of the species. It might further be expected that the species of 
the same genus would occasionally exhibit reversions to long lost 
characters. As, however, we do not know the common ancestor 
of any natural group, we cannot distinguish between revisionary 
and analogous characters. If, for instance, we did not know that 
the parent rock-pigeon was not feather-footed or turn-crowned, 
we could not have told, whether such characters in our domestic 
breeds were reversions or only analogous variations; but we 
mght have inferred that the blue colour was a case of reversion 
from the number of the markings, which are correlated with this 
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tint, and wliicli would not probabl}' Lave all appeared together 
from simple vaiiation. More especially we miglit liaTe inferred 
tills, from tlie blue colour and the several marks so often appear- 
ing when differently coloured breeds are crossed. Hence, altliough 
under nature it must generally be left doubtful, what cases are 
reversions to formerly existing characters, and what are new but 
analogous variations, yet we ought, on our tneoiy, sometimes to 
find the varying offspring of a species assuming characters which 
are already present in other members of the same group. xVnd 
this undoubtedly is the case. 

The difficulty in distinguishing variable species is largely due 
to the varieties mocking, as it were, other species of the same 
genus. A considerable catalogue, also, could be given of forms 
intermediate between two other forms, which themselves can only 
doubtfully be ranked as species ; and this shows, unless all these 
closely allied forms be considered as in<Iei)endently created species, 
that they have in varjdng assumed some of the characters of the 
others. But the best evidence of analogous variations is afforded 
by parts or organs which are generally constant in character, but 
which occasionally vary so as to resemble, in some degree, the 
same part or organ in an allied species. I have collected a long 
list of such cases ; but here, as before, I lie under the great dis- 
advantage of not being able to give them. I can only repeat that 
such cases certainly occur, and seem to me very remarkable. 

I will, however, give one curious and complex case, not indeed 
as affecting any important character, but from occurring in 
several species of the same genus, partly under domestication and 
partly under nature. It is a case almost certainly of reversion. 
The ass sometimes has very distinct transverse bars on its legs, 
like those on the legs of the zebra : it has been asserted that 
these are jfiainest in the foal, and, from inquiries which I have 
made, I believe this to be true. The stripe on the shoulder is 
sometimes double, and is very variable in length and outline. 
A white ass, but not an albino, has been describe without either 
spinal or shoulder stripe: and these stripes are sometimes very 
obscure, or actually quite lost, in dark-coloured asses. The koulan 
of Pallas is said to have been seen with a double shoulder-stripe. 
Mr. Blyth has seen a specimen of the hemionus with a distinct 
shoulder-stripe, though it properly has none; and I have been 
informed by Colonel Poole that the foals of this species are generally 
striped on the legs, and faintly on the shoulder. The quagga, though 
so plainly barred like a zebra over the body, is without bars on the 
legs; but Dr, Gray has figured one specimen with very distinct 
«ehra-like bars on the hocks. 

With respect to the horse, I have collected cases in England 
of the spiw itt horses of the most distinct breeds* and 
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of all colours : transverse bars on the legs are not rare in duns, 
jiiouse-duns, and in one instance in a chestnut ; a faint shoulder’ 
stripe may sometimes be seen in duns, and I have seen a trace 
in a bay horse. My son made a careful examination and sketch 
for me of a dun Belgian cart-horse with a double stripe on each 
shoulder and with leg-stripes 3 I have myself seen a dun Devon- 
shire pony, and a small dun Welsh pony has been carefully 
described to me, both -with three parallel stripes on each shoulder. 

In the norili-%vest part of India the Kattywar breed of horses is 
so generally striped, that, as I hear from Colonel Poole, who 
examined this breed for the Indian Government, a horse without 
stripes is not considered as purely-bred. The spine is alw^ays 
striped ; the legs are generally barred ; and the shoulder-stripe, 
■which is sometimes double and sometimes treble, is common ; the 
side of the face, moreover, is sometimes striped. The stipes are 
often plainest in the foal ; and sometimes quite disappear in old 
horses. Colonel Poole has seen both gray and bay Kattywar 
horses striped when first foaled. I have also reason to suspect, 
from information given me by Mr. W. W. Edwards, that with the 
English race-horse the spinal stripe is much commoner in the 
foal than in the full-growm animal. I have myself recently bred 
a foal from a bay maro (offspring of a Turkoman horse and a 
Flemish mare) by a bay English race-horse ; this foal when a 
week old was marked on its hinder quarters and on its forehead 
with numerous, very narrow, dark, zebm-like bars, and its legs 
were feebly striped: all the stripes soon disappeared completely. 
Without here entering on further details, I may state that I have 
collected cases of leg and shoulder stripes in horses of very 
different breeds in various countries from Britain to Eastern 
China; and from Norway in the north to the Malay Archipelago 
in the south. In all parts of the world these stripes occur far 
oftenest in duns and mouse-duns ; by the term dun a large range 
of colour is included, from one between brown and black to a 
close approach to cream-colour. 

I am aware that Colonel Hamilton Smith, who has written on 
this subject, believes that the several breeds of the horse arc 
descended from several aboriginal species — one of which, the dun, 
w’-as striped ; and that the above-described appearances are all 
due to ancient crosses with the dun stock. But this view may be 
safely rejected ; for it is highly improbable that the heavy Belgian 
cart-horse, Welsh ponies, Norwegian cobs, the lanky Kattywar 
race, &c., inhabiting the most distant parts of the world, should 
all have been crossed with one supposed aboriginal stock- 

Now let us turn to the effects of crossing the several species of 
the horse-genus. Eollin asserts, that the common mule from the 
ass and horse is particularly apt to have bars on its legs; according 
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to Gosse, in certain parts of ilie United States about nine out 
of ten mules have striped le^s. I once saw a mule with its legs 
so much striped that any one might have thought that it was a 
hybrid-zebra ; and Mr. W. C. Martin, in his excellent treatise on 
the horse, has given a ii^mro of a similar mule. In four coloured 
drawings, which I have seen, of hybrids between the ass and 
zebra, the legs were much more plainly barred than the rest of 
the body ; and in one of them there was a double shoulder-stripe. 
In Lord IMorton’s famous hybrid, from a chestnut mare and male 
qiiagga, the hybrid, and even the pure offspring subsequently pro- 
duced from the same mare by a black Arabian sire, were much 
more plainly barred across the legs than is even the pure quagga. 
Lastly, and this is another most remarkable case, a hybrid has 
been figured by Dr. Gray (and he informs me that he knows of a 
second case) from the ass and the hemionus ; and this hybrid, 
though the ass only occasionally has stripes on his legs and the 
hemionus has none and has not even a shoulder-stripe, nevertheless 
had all four legs barred, and had three short shoulder-stripes, like 
those on the dun Devonshire and Welsh ponies, and even had 
some zebra-like stripes on the sides of its face. With respect to 
tliis last fact, I was so convinced that not even a stripe of colour 
appears from what is commonly called chance, that I was led 
solely from the occurrence of the face-stripes on this hybrid from 
the ass and hemionus to ask Colonel Poole whether such face- 
stripes ever occurred in the eminently striped Kattywar breed of 
horses, and was, as we have seen, answered in the affirmative. 

Wliat now are we to say to these several facts ? We see several 
distinct species of the horse-genus becoming, by simple variation, 
striped on the legs like a zebra, or striped on the shoulders like 
an ass. In the horse we see this tendency strong whenever a 
dun tint appears — a tint which approaches to that of the general 
colouring of the other species of the genus. The appearance of 
the stripes is not accompanied by any change of form or by any 
other new character. We see this tendency to become striped 
most strongly displayed in hybrids from between several of the 
most distinct species- Now observe the case of the several breeds 
of pigeons : they are descended from a pigeon (including two or 
three sub-species or geographical races) of a bluish colour, with 
certain bars and other marks ; and when any breed assumes by 
simple variation a bluish tint, these bars and other marks invari- 
ably reappear ; but without any other change of form or character. 
When the oldest and truest breeds of various colours are crossed, 
we see a strong tendency for the blue tint and bars and marks to 
reappear in the mongrels. I have stated that the most probable 
hjrpothesis to account for the reappearance of very ancient cha- 
racters, ijs— that there is a tmdmcy in the young of each succes- 
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sive generation to produce llie long-lost character, and that this 
tendency, from unknown causes, sometimes prevails. And we 
have just seen that in several species of the horse-genus the stripes 
are either plainer or appear more commonly in the young than in 
the old. Call the breeds of pigeons, some of which have bred trne 
for centuries, species ; and how exactly parallel is the case with 
that of the species of the horse-genus ! For myself, I venture con- 
hdentiy to look back thousands on thousands of generations, and 
I see an animal striped like a zebra, but perhaps otherwise very 
differently constructed, the common parent of our domestic horse 
(whether or not it be descended from one or more wild stocks), of 
the ass, the hemionus, quagga, and zebra. 

He who believes that each equine species was independently 
created, will, I presume, assert that each species has been created 
with a tendency to vary, both under nature and under domestica- 
tion, in this particular manner, so as often to become striped like 
the other species of the genus; and that each has been created 
with a strong tendency, vdien crossed mth species inhabiting 
distant quarters of the world, to produce hybrids resembling in 
their stripes, not their own parents, but other species of the genus. 
To admit this view is, as it seems to me, to reject a real for an 
unreal, or at least for an unknown, cause. It makes the works of 
God a mere mockery and deception; I wwld almost as soon 
believe with the old and ignorant cosmogonists, that fossil shells 
had never lived, but had been created in stone so as to mock the 
shells living on the sea-shore. 

Summary . — Our ignorance of the laws of variation is profound. 
Not in one case out of a hundred can we pretend to assign any 
reason why this or that part has varied. But whenever we have 
the means of instituting a comparison, the same laws appear to 
have acted in producing the lesser differences between varieties of 
the same species, and the greater differences between species of 
the same genus. Changed conditions generally induce mere fluc- 
tuating variability, but sometimes they cause direct and definite 
effects ; and these may become strongly marked in the course of 
time, though we have not sufficient evidence on this head. Habit 
in producing constitutional peculiarities and use in stren^hening 
and disuse in weakening and diminishing organs, appear in many 
cases to have been potent in their effects. Homologous parts tend 
to vary in the same manner, and homologous parts tend to cohere. 
Modifications in hard parts and in external parts sometimes affect 
softer and internal parts. When one part is largely developed, 
perhaps it tends to draw nourishment from the a^oining parts; 
and every part of the structure which can be saved without detri- 
inent will be saved. Changes of structure at an early age may 
affect parts subsequently developed; and many cases of correlated 
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variation, tlie nature of wliicli we are unable to understand, un- 
doubtedly occur. Multiple parts are variable in number and in 
structure, perhaps arising from such parts not having been closely 
specialised for any particular function, so that their modifications 
have not been closely checked by natural selection. It follows 
probably from this same cause, that organic beings low in the 
scale are more variable than those standing higher in the scale, 
and which have their whole organisation more specialised. Rudi- 
mentary orgauvS, from being useless, are not regulated by natural 
selection, and hence are variable. Specific characters — that is, the 
characters which have come to dififer since the several species of 
the same genus branched off from a common parent— -are more 
variable than generic characters, or those wdiich. have long been 
inherited, and have not differed within this same period. In these 
remarks we have referred to special parts or organs being still vari- 
able, because they have recently varied and thus come to differ ; 
but we have also seen in the second chapter that the same principle 
applies to the whole individual; for in a district where many 
species of a genus are found— that is, where there has been much 
former variation and differentiation, or where the manufactory of 
new specific forms has been actively at w'ork — in that district and 
among.st these species, we now find, on an average, most varieties. 
Secondary sexual characters are highly variable, and such characters 
differ much in the species of the same group. Variability in the 
same parts of the organisation has generally been taken advantage 
of in giving secondary sexual differences to the two sexes of the 
same species, and specific differences to the several species of the 
same genus. Any part or organ developed to an extraordinary 
size or in an extraordinary manner, in comparison with the same 
part or organ in the allied species, must have gone through an 
extraordinary amount of modification since the genus arose ; and 
thus we can understand why it should often stOi be variable in 
a much higher degree than other parts; for variation is a long- 
continued and slow process, and natural selection will in such 
cases not as yet have had time to overcome the tendency to further 
variability and to reversion to a less modified state. But when a 
species with any extraordinarily-developed organ has become the 
parent of many modified descendants — ^which on our view must be 
a very slow process, requiring a long lapse of time — in this case, 
natural selection has succeeded in giving a fixed character to the 
organ, in however extraordinary a manner it may have been 
developed. Species inheriting nearly the same constitution from 
a common parent, and exposed to similar influences, naturally 
tend to present analogous variations, or these same specie may 
occasionally revert to some of the characters of their ancient pro- 
genitors. Although new and important modifications may not 
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arise from reversion and analogous variation, such modifications 
will add to the beautiful and harmonious diversity of nature. 

Whatever the cause may be of each slight difference between 
the offspring and their parents — and a cause for each must exist — 
we have reason to believe that it is the steady accumulation of 
beneficial differences which has given rise to all the more impor- 
tant modificatioUvS of structure in relation to the habits of each 
speeie>s. 


CHAPTER TL 
Difficulties of tub Tiieoey. 

Difficiilties of the theory of descent with modification — Absence or rarity of 
transitional varieties— ^Transitions in habits of life — Diversified habits in the 
same species — Species with habits widely different from those of their allie-i 
— Organs of extreme perfection — ^Modes of transition — Cases of difiicnlty— 
Kainfa non facit saltum — Organs of small importance — Organs not in* all 
cases ahsointely perfect — The law of Unity of Type and of the Conditions of 
Existence embraced by the theory of I^atural Selection. 

Long before the reader has arrived at this part of my work, a 
crowd of difficulties will have occurred to him. Some of them are 
so serious that to this day I can hardly refiect on them without 
being in some degree staggered ; but, to the best of my judgment, 
the greater number are only apparent, and those that are real are 
not, I think, fatal to the theory. 

These difficulties and objections may be classed under the 
following heads: — First, why, if species have descended from 
other species by fine gradations, do we not everywhere see 
innumerable transitional forms ? Why is not all nature in con- 
fusion, instead of the species being, as we see them, well defined ? 

Secondly, is it possible that an animal having, for instance, the 
stracture and habits of a bat, could have been formed by the 
modification of some other animal with widely different habits 
cind stracture ? Can we believe that natural selection could pro- 
duce, on the one hand, an organ of trifling importance, such as 
the tail of a giraffe, which serves as a fly-flapper, and, on the other 
hand, an organ so wonderful as the eye ? 

Thirdly, can instincts be acquired and modified through natural 
selection ? What shall we say to the instinct which leads the bee 
to make cells, and which has practically anticipated the discoveries 
of profound mathematicians ? 

Fourthly, how can we account for species, when crossed, being 
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sterile and producing sterile offspring, wliereas, varieties 

are crossed, tlieir fertility is unimpaired 1 

The two first heads will here be discussed ; some miscellaneous 
objections in the following chapter; Instinct and Hybridism in 
tlie two succeeding chapters. 

On the Absence or Raritij of Transitional Varieties . — As natural 
^election acts solely by the i)reservation of profitable modifieationt,, 
each new form will tend in a fully-stocked country to take the. 
place of, and finally to exterminate, its o^m less improved parent - 
rorm and other less-favoured forms with which it comes into 
competition. Thus extinction and natural selection go hand in 
hcjid. Hence, if -we look at each species as descended from some 
unknown form, both the parent and all the transitional varieties 
Avill generally have been exterminated by the very process of the 
lormation and perfection of the new’’ form. 

But, as by this theory innumerable transitional forms must ha’S’c 
existed, why do we not find them embedded in countless numbers 
in the crust of the earth ? It -will be more convenient to discuss 
this question in the chapter on the Imiierfection of the Geological 
Record; and I will here only state that I believe the answer 
mainly lies in the record being incomparably less perfect than is 
generally supposed. The crust of the earth is a vast museum; 
but the natural collections have been imperfectly made, and only 
at long intervals of time. 

But it may be urged that when several closely-allied spjecies 
inhabit the same territory, we surely ought to find at the present 
time many transitional forms. Let us take a simple case: in 
travelling from north to south over a continent, we generally meet 
at successive intervals with closely allied or representative species, 
evidently filling nearly the same place in the natural economy of 
the land. These representative si)ecies often meet and interlock ; 
and as the one becomes rarer and rarer, the other becomes more 
and more frequent, till the one replaces the other. But if we 
compare these species where they intermingle, they are generally 
as absolutely distinct from each other in every detail of structure 
as are specimens taken from the metropolis inhabited by each. 
By my theory these allied species are descended from a common 
parent ; and during the process of modification, each has become 
adapted to the conditions of life of its own region, and has sup- 
‘l)lanted and exterminated its original parent-form and all the 
transitional varieties between its past and present states. Hence 
we ought not to expect at the present time to meet with numerous 
transitional varieties in each region, though they must have 
existed there, and may be embedded there in a fossil condition. 
But in the intermediate region, having intermediate conditions of 
life, why do we not now find closely-linking intermediate yarietiesf 



126 ABSENCE OE KABITY [Chap. VI. 

This difficulty for a long time quite confounded me. But I think 
it can be in large part explained. 

In the first place we should be extremely cautious in inferring, 
because an area is now continuous, that it has been continuous 
during a long period. Geology would lead us to believe that most 
continents have been broken up into islands even during the later 
tertiary periods ; and in such islands distinct species might have 
been separately formed without the possibility of intermediate 
varieties existing in the intermediate zones. By changes in the 
form of the land and of climate, marine areas now continuous must 
often have existed within recent times in a far less continuous and 
uniform condition than at present. But I will i)ass over this way 
of escaping from the difficulty ; for I believe that many perfectly 
defined species have been formed on strictly continuous areas; 
though I do not doubt that the formerly broken condition of areas 
now continuous, has played an imxiortant part in the formation of 
new species, more especially with freely-crossing and wandering 
animals. 

In looking at species as they are now distributed over a wide 
area, we generally find them tolerably numerous over a large 
territory, tlieu becoming somewhat abrux'itly rarer and rarer on 
the confines, and finally disappearing. Hence the neutral territory 
between two representative species is generally narrow in com- 
parison with the territory proper to each. We see the same fact 
in ascending mountains, and sometimes it is quite remarkable how 
abruptly, as Alph, de Candolle has observed, a common alxiine 
species disappears. The same fact has been noticed by E. Forbes 
in sounding the depths of the sea with the dredge. To those 
who look at climate and the physical conditions of life as the all- 
important elements of distribution, these facts ought to cause 
«»urprise, as climate and height or depth graduate away insensibly. 
But when we bear in mind that almost every species, even in its 
metropolis, would increase immensely in numbers, were it nob for 
other competing species ; that nearly all either prey on or serve as 
prey for others ; in short, that each organic being is either directly 
or indirectly related in the most important manner to other organic 
beings, — we see that the range of the inhabitants of any country 
by no means exclusively depends on insensibly changing physical 
condition^ but in a large part on the presence of other species, on 
which it lives, or by which it is destroyed, or with which it comes 
into comi:^tition ; and as these species are already defined objects, 
not blending one into another by insensible gradations, the range 
of any one species, depending as it does on the range of others, 
will tend to be sharply defined. Moreover, each species on the 
confines of its range, where it exists in lessened numbers, will, 
during fluctuations in the number of its enemies or of its prey, 
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or in tlie nature of the seasons, be extremely liable to utter 
extermination ; and thus its geographical range will come to be 
still more sharply defined. 

As allied or representative species, whealnhabitiiig a continuous 
area, are generally distributed in such a manner that each has a 

ide range, with a comparatively narrov^ neutral territory between 

them, in which they become rather suddenly rarer and rarer ; 

then, as varieties do not essentially difier from species, the same 
rule will probably apply to both ; and if we take a varying 
species inhabiting a veiy large area, we shall have to adaj>t two 
varieties to two large areas, and a third variety to a narrow inter- 
mediate zone. The intermediate variety, consequently, will exist 
in lesser numbers from inhabiting a narrow and lesser area ; and 
practically, as far as I can make out, this rule holds good with 
varieties in a state of nature. I have met with striking instances 
of the rule in the ease of varieties intemiediate between well- 
marked varieties in the genus Balauus. And it would appear 
from information given me by Mr. Watson, Dr. Asa Gray, and 
Ml’. Wollaston, that generally, when varieties intermediate between 
two other forms occur, they are much rarer numerically than the 
forms which they connect. Now, if we may trust these facts and 
inferences, and conclude that varieties linking two other varieties 
together generally have existed in lesser numbers than the forms 
which they connect, then w^e can understand why intermediate 
varieties should not endure for very long periods why, as a 
general rule, they should be exterminated and disappear, sooner 
than the forms which they originally linked together. 

For any form existing in lesser numbers would, as already 
remarked, run a greater chance of being exterminated than one 
existing in large numbers ; and in this particular case the inter- 
mediate form would be eminently liable to the inroads of closely- 
allied forms existing on both sides of it. But it is a far more 
important consideration, that during the process of further modi- 
fication, by winch two varieties are supposed to be converted and 
perfected into two distinct species, the two which exist in larger 
numbers, from inhabiting larger areas, will have a great advantage 
over the intermediate variety, which exists in smaller numbers in 
a narrow and intermediate zone. For forms existing in larger 
numbers will have a better chance, within any given period, of 
presenting further favourable variations for natural selection to 
seize on, than will the rarer forms which exist in lesser numbers. 
Hence, the more common forms, in the race for life, will tend to 
beat and supplant the less common forms, for these will be more 
slowly modified and improved. It is the same principle which, as 
I believe, accounts for the common species in each country, as 
idiowji in the sw»d chapto, presenting on an average a grmtet 



128 ABSENCE OR RARITY [Chap. Vt 

nimiber of well-marked varieties that do the rarer species. I may 
illustrate what I mean by supposing three varieties of sheep to be 
kept, one adapted to an extensive mountainous region ; a second 
to a comparatively narrow, hilly tract ; and a third to the wide 
plains at the base ; and that the inhabitants are all trying with 
equal steadiness and skill to improve their stocks by selection ; 
the chances in this case will be strongly in favour of the great 
holders on the mountains or on the plains, improving their breeds 
more quickly than the small holders on the intermediate narrow, 
hilly tract ; and consequently the improved mountain or plain 
breed will soon take the place of the less improved hill breed ; 
and thus the two breeds, which originally existed in greater 
numbers, ■will come into close contact with each other, without the 
interposition of the supplanted, intermediate hill va riety. 

To sum up, I believe that species come to be tolerably well- 
defined objects, and do not at any one period present an inextric- 
able chaos of varying and intermediate links : first, because new 
varieties are very slowly formed, for variation is a slow process, 
and natural selection can do nothing until favourable individual 
differences or variations occur, and nntil a place in the natural 
polity of the country can be better filled by some modification of 
some one or more of its inhabitants. And such new places will 
depend on slow changes of climate, or on the occasional immigra- 
tion of new inhabitants, and, probably, in a still more important 
degree, on some of the old inhabitants becoming slowly modified, 
with the new forms thus produced and the old ones acting and 
reacting on each other. So that, in any one region and at any 
one time, we ought to see only a few species presenting slight 
modifications of structure in some degree permanent ; and this 
assuredly we do see. 

Secondly, areas now continuous must often have existed within 
the recent period as isolated portions, in which many forms, more 
especially amongst the classes which unite for each birth and 
wander much, may have separately been rendered sufficiently 
distinct to mnk as reiuesentative species. In this case, inter- 
mediate varieties between the several representative species and 
their common parent, must formerly have existed within each 
isolated portion of the land, but these links during the process of 
natural selection will have been supplanted and exterminated, so 
that they will no longer be found in a living state. 

Thirdly, when two or more varieties have been formed in 
different portions of a strictly continuous area, intermediate 
varieties will, it is jjrobable, at first have been formed in the 
intermediate zones, but they will generally have had a short 
duration. For these intermediate varieties will, from reasons 
already assigned (namely from what we know of the actual distri- 



129 


Chap. VI] OF TRANSITIOITAL VARIETIES- 

biition of closely allied or representative species, and likewise of 
acknowledged varieties), exist in the intermediate zones in ksser 
numbers than the varieties which they tend to connect From 
this cause alone the intermediate varieties will be liable to 
accidental extermination ; and during the process of further 
modification through natural selection, they will almost certainly 
be beaten and supplanted by the forms which they connect ; for 
these from existing in greater numbers will, in the aggregate, 
present more varieties, and thus be further improved through 
natural selection and gain further advantages. 

Lastly, looking not to any one time, but to all time, if my 
theory be true, numberless intermediate varieties, linking closely 
together ail the species of the same group, must assuredly have 
existed ; but the very process of natural selection constantly tends, 
as has been so often remarked, to exterminate the parent-forms 
and the intermediate links. Consequently evidence of their 
former existence could be found only amongst fossil remains, 
which are preserved, as ’^ve shall attempt to show in a future 
chapter, in an extremely imperfect and intermittent record. 

On the Origin and Tra^isitions of Organic Beings loith 2'>€cuUar 
Habits and Structure. — It has been asked by the opponents of 
such views as I hold, how, for instance, could a land carnivorous 
animal have been converted into one with aquatic habits ; for how 
could the animal in its transitional state have subsisted? It 
would be easy to show that there now exist carnivorous animals 
presenting close intermediate gradCvS from strictly terrestrial to 
aquatic habits ; and as each exists by a struggle for life, it is clear 
that each must be well adapted to its place in nature. Look at 
the Mustela vison of North ximerica, which has webbed feet, and 
which resembles an otter in its fur, short legs, and form of tail. 
During the summer this animal dives for and preys on fish, but 
during the long winter it leaves the frozen waters, and preys, like 
other pole-cats, on mice and land animals. If a different case had 
been taken, and it had been asked how an insectivorous quadruped 
could possibly have been converted into a flying bat, the question 
would have been far more difficult to answer. Yet I think such 
difficulties have little weight. 

Here, as on other occasions, I lie under a heavy disadvantage, 
for, out of the many striking cases which I have collected, I can 
give only one or two instances of transitional habits and structures 
in allied species ; and of diversified habits, either constant or 
occasional, in the same species. And it seems to me that nothing 
less than a long list of such cases is sufficient to lessen the diffi- 
culty in any particular case like that of the bat. 

Look at the family of squirrels ; here we have the finest grada* 
tion from animals with their tails only slightly flattened, and 
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from others, as Sir J. Pdchardson has remarked, with the posterior 
part of their bodies rather wide and with the skin on their flanks 
rather fnli, to the so-called flying squirrels ; and flying squirrels 
have their limbs and even the base of the tail united by a broad 
expanse of skin, which serves as a parachute and allows them to 
glide through the air to an astonishing distance from tree to tree- 
We cannot doubt that each structure is of use to each kind of 
squirrel in its own country, by enabling it to escape birds or 
beasts of prey, to collect food more quickly, or, as there is reason 
to believe, to lessen the danger from occasional falls. But it does 
not follow from this fact that the structure of each squirrel is the 
best that it is possible to conceive under all possible conditions. 
Let the climate and vegetation change, let other competing 
rodents or new beasts of prey immigrate, or old ones become 
modified, and all analogy would lead us to believe that some at 
least of the squirrels would decrease in numbers or become exter- 
minated, unless they also became modified and improved in 
structure in a corresponding manner. Therefore, I can see no 
difficulty, more especiallj^ under changing conditions of life, in tho 
continued preservation of individuals with fuller and fuller flank- 
membranes, each modification being useful, each being propagated, 
until, by the accumulated effects of this process of natural 
selection, a perfect so-called flying squirrel was produced. 

Now look at the Galeopithecus or so-called fiying lemur, which 
formerly was ranked amongst bats, but is now believed to belong 
to the Insectivora. An extremely wide flank-membrane stretches 
from the corners of the jaw to the tail, and includes the limbs 
with the elongated fingers. This flank-membrane is furnished 
with an extensor muscle. Although no graduated links of 
structure, fitted for gliding through the air, now connect tlie 
Galeopithecus with the other Insectivora, yet there is no difliculty 
in supposing that such links formerly existed, and that each was 
developed in the same manner as with the less perfectly gliding 
squirrels ; each grade of structure having been useful to its 
possessor. Nor can I see any insuperable difficulty in further 
believing that the membrane connected fingers and fore-arm of 
the Galeopithecus might have been greatly lengthened by natural 
selection ; and this, as far as the organs of flight are concerned, 
would have converted the animal into a bat. In certain bats in 
which the wing-membrane extends from the top of the shoulder 
to the tail and includes the hind-legs, we perhaps see traces of an 
api o-mtus originally fitted for gliding through the air rather than 
for night. 

If about a dozen genera of birds were to become extinct, who 
, would have ventured to surmise that birds might have existed 
which used their wings isolely as flappers^ like the logger-headed 
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cluck (Micropterus of Eyton ) ; as fins in tiae water and as front- 
legs Oil tlie land, like tlie penguin ; as sails, lilie tke ostrich ; and 
functionally for no purpose, lilce the Apteryx? Yet the structure 
of each of these birds is good for it, under the conditions of life to 
which it is exjjosed, for each has to lii'e by a struggle ; but it is 
not necessarily the best possible under all possible conditions. It 
must not be iiiforred from these remarks that any of the grades of 
wing-structure hero alluded to, which perhaps may all be the 
result of disuse, indicate the steps by which birds actually 
acquired their perfect power of flight ; but they serve to show 
what diversified means of transition are at least possible. 

Seeing that a few members of such water-breathing classes as 
the Crustacea and I^Iollusca are adapted to live on the land ; and 
seeing that we have dying birds and mammals, flying insects of 
the most diversified tyxics, and fonneriy had flying reptiles, it is 
conceivable ,that flying-fish, which now glide far through the air, 
slightly rising and turning by the aid of their fluttering fins, might 
have been modified into perfectly winged animals. If this had 
been effected, who would have ever imagined that in an early 
transitional state they had been the inhabitants of the open ocean, 
and had used their incipient organs of flight exclusively, as far as 
we know, to escape being devoured by other fish ? 

When we see any structure highly perfected for any particular 
habit, as the wings of a bird for flight, w’-e should bear in mind that 
animals displaying early transitional grades of the structure will 
seldom have survived to the present day, for they will have been 
supplanted by their successors, which were gradually rendered 
more i)erfect through natural selection. Furthermore, w’e may 
conclude that transitional states between structures fitted for very 
different habits of life will rarely have been developed at an early 
period in great numbers and under many subordinate forms. 
Thus, to return to our imaginary illustration of the flying-fish, it 
does not seem probable that fishes capable of true flight would 
have been developed under many subordinate forms, for taking 
prey of many kinds in many ways, on the land and in the water, 
until their organs of flight had come to a high stage of perfection, 
so as to have given them a decided advantage over other animals 
in the battle for life. Hence the chance of discovering species 
with transitional grades of structure in a fossil condition will 
always be less, from their having existed in lesser numbers, than 
in the case of species with fully developed structures. 

I will now give two or three instances both of diversified and of 
changed habits in the individuals of the same species. In either 
case it would be easy for natural selection to adapt the structure 
of the anim^ to its changed habits, or exclusively to one of its 
several ^bits. It hpwever, difficult to decide* and immaterial 
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for us, wliether habits generally change first and structure after- 
wards ; or whether slight modifications of structure lead to changed 
habits both probably often occurring almost simultaneously. 
Of cases of changed habits it will suffice merely to allude to that 
of the many British insects which now feed on exotic plants, or 
exclusively on artificial substances. Of diversified habits innu- 
merable instances could be given : I have often watched a tyrant 
flycatcher (Saurophagus sulphuratus) in South America, hovering 
over one spot and then proceeding to another, like a kestrel, and 
at other times standing stationary on the margin of water, and 
then dashing into it like a kingfisher at a fish. In our own 
country the larger titmouse (Parus major) may be seen climbing 
branches, almost like a creeper ; it sometimes, like a shrike, kills 
small birds by blows on the head ; and I have many times seen 
and heard it hammering the seeds of the yew on a branch, and 
thus breaking them like a nuthatch. In Korth America the black 
bear was seen by Hearne swimming for hours with widely open 
mouth, thus catching, almost like a whale, insects in the w^ator. 

As we sometimes see individuals following habits different from 
those proper to their species and to the other species of the same 
genus, we might expect that such individuals would occasionally 
give rise to new species, having anomalous habits, ond with their 
structure either slightly or considerably modified from that of 
their type. And such instances occur in nature. Can a more 
striking instance of adaptation be given than that of a woodpecker 
for climbing trees and seizing insects in the chinks of the bark ? 
Yet in North America there are w^oodpeckers which feed largely 
on fruit, and others with elongated wings which chase insects on 
the wing. On the plains of La Plata, where hardly a tree growls, 
there is a woodpecker (Colaptes campestris) which has two toes 
before and two behind, a long pointed tongue, pointed tail- 
feathers, sufficiently stiff to support the bird in a vertical position 
on a post, but not so stiff as in the typical W’'oodpeckers, and a 
straight strong beak. The beak, however, is not so straight or so 
strong as in the typical woodpeckers, but it is strong enough to 
bore into wood. Hence this Colaptes in all the essential parts of 
its structure is a woodpecker. Even in such trifling characters as 
the colouring, the harsh tone of the voice, and undulatory flight, 
its close blood-relationship to our common woodpecker is plainly 
declared ; yet, as I can assert, not only from my owm observations 
but from those of the accurate Arnra, in certain large districts it 
does not climb trees, and it makes its nest in holes in banks ! In 
certain other districts, however, this same woodpecker, as Mr. 
Hudson states, frequents trees, and bores holes in the trank fox 
its pest. I may mention as another illustration of the varied 
habits of this genus, that a Mexican Colaptes has been described 
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by Be Saussure as boring boles into Imrd wood in order to lay up 
a store of acorns. 

Petrels are the most aerial and oceanic of birds, but in tbe quiet 
sounds of Tierra del Fuego, the Puffinuria berardi, in its general 
habits, in its astonishing power of diving, in its manner of swim- 
ming and of hying when made to take flight, would be mistaken 
by any one for an auk or a grebe ; nevertheless it is essentially a 
petrel, but with many parts of its organisation profoundly modified 
in relation to its new habits of life ; whereas the woodpecker of 
La Plata has had its structure only slightly modified. In the case 
of the water-ouzel, the acutest observer by examining its dead 
body would never have suspected its sub-aquatic habits ; yet this 
bird, which is allied to the thrush family, subsists by diving — 
using its wings under water, and grasping stones with its feet. All 
the members of the great order of Hymenopterous insects are 
terrestrial, excepting the genus Proctotrupes, which Sir John 
Lubbock has discovered to be aquatic in its habits ; it often enters 
the water and dives about by the use not of its legs but of its 
wings, and remains as long as four hours beneath the surface ; yet 
it exhibits no modification in structure in accordance with its 
abnormal habits. 

He who believes that each being has been created as we now 
see it, must occasionally have felt surprise when he has met with 
an animal having habits and structure not in agreement. AVliat 
can be plainer than that the webbed feet of ducks and geese are 
formed for swimming ? Yet there are upland geese with webbed 
feet which rarely go near the water; and no one except Audubon 
has seen the frigate-bird, which has all its four toes webbed, alight 
on the surface of the ocean. On the other hand, grebes and coots 
are eminently aquatic, although their toes are only bordered by 
membrane. What seems plainer than that the long toes, not 
furnished with membrane of the Grallatores are formed for walk- 
ing over swamps and floating plants ?~“the water-hen and landrail 
are members of this order, yet the first is nearly as aquatic as the 
coot, and the second nearly as terrestrial as the quail or partridge. 
In such cases, and many others could be given, habits have 
changed without a corresponding change of structure. The webbed 
feet of the upland goose may be said to have become almost rudi- 
mentary in function, though not in structure. In the frigate-bird, 
the deeply scooped membrane between the toes shows tlmt struc- 
ture has "begun to change. 

He who believes in separate and innumerable acts of creation 
may say, that in these cases it has pleased the Creator to cause a 
being of one type to take the place of one belonging^ to pother 
type ; but this seems to me only re-stating the fact in dignified 
language. He who believes in fihe struggle r existence and in 
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the principle of natural selection, will acknowledge that every 
organic being is constantly endeavouring to increase in numbers ; 
and that if any one being varies ever so little, either in habits or 
structure, and thus gains an advantage over some other inhabitant 
of the same country, it will seize on the place of that inhabitant, 
however different that may be from its own place. Hence it wall 
cause him no surprise that there should be geese and frigate-birds 
with webbed feet, living on the dry land and rarely alighting on 
the water, that there should be long-toed corncrakes, living in 
meadows instead of in swamps ; that there should be woodpeckers 
where hardly a tree grows ; that there should be diving thrushes 
and diving Hymenoptera, and petrels wdth the habits of auks. 

Organs of extreme Perfection and Complication, 

To suppose that the eye with all its inimitable contrivances for 
adjusting the focus to different distances, for admitting different 
amounts of light, and for the correction of spherical and chromatic 
aberration, could have been formed by natural selection, seems, I 
freely confess, absurd in the highest degree. When it was first 
said that the sun stood still and the world turned round, the 
common sense of mankind declared the doctrine false ; but the old 
saying of Vox popuU, mx Dei^ as every philosopher know’s, can- 
not be trusted in science. Eeason tells me, that if numerous 
gradations from a simple and imperfect eye to one comploz and 
perfect can be shown to exist, each grade being useful to its 
possessor, as is certainly the case ; if further, the eye ever varies 
and the variations be inherited, as is likewise certainly the case ; 
and if such variations should be useful to any animal under 
changing conditions of life, then the difficulty of believing that a 
perfect and complex eye could be formed % natural selection, 
though insuperable by our imagination, should not be considered 
as subversive of the theory. How a nerve comes to be sensitive 
to light, hardly concerns us more than how life itself originated ; 
but I may remark that, as some of the lowest organisms, in which 
nerves cannot be detected, are capable of perceiving light, it does 
not seem impossible that certain sensitive elements in their 
sarcode should become aggregated and developed into nerves, 
endowed with this special sensibility. 

In searching for the gradations through which an organ in any 
species has been perfected, we ought to look exclusively to its 
lineal progenitors; but this is scarcely ever possible, and we are 
forced to look to other species and genera of the same group, that 
is to the collateral descendants from the same parent-form, in 
order to see what gradations are possible, and for the chance of 
some gradations harii^ foeefi iwusmitted in an unaltered or little 
altered condition. Bnt the state of the same organ in diitmet 
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classes may incidentally throw light on tlie steps by wiiicli it lus 
been perfected. 

The simplest organ which can be called an eye consists of an 
optic nerve, surrounded by pigment-cells and covered by translu- 
cent skin, but without any lens or other refractive body. Yf e may, 
however, according to M. Jourdain, descend even a step lower and 
find aggregates of pigment-cells, apparently serving as organs of 
vision, without any nerves, and resting merely on sarcodic tissue. 
Eyes of the above simple nature are not capable of distinct vision, 
and serve only to distinguish light from darkness. In certain star- 
fishes, small depressions in the layer of pigment which surrounds 
the nerve are filled, as described by the author just quoted, with 
transparent gelatinous matter, projecting with a convex surface, 
like the cornea in the higher animals. He suggests that this serves 
not to form an image, but only to concentrate the luminous rays 
and render their ijerception more easy. In this concentration of 
the rays we gain the first and by far the most important step 
towards the formation of a true, picture-forming eye; for we have 
only to place the naked extremity of the optic nerve, which in 
some of the lower animals lies deeply buried in the body, and in 
some near the surface, at the right distance from the concentrating 
apparatus, and an image will be formed on it. 

In the great class of the Articulata, we may start from an optic 
nerve simply coated with pigment, the latter sometimes forming 
a sort of pupil, but destitute of a lens or other optical contrivance. 
With insects it is now known that the numerous facets on the 
cornea of their great compound eyes form true lenses, and that 
the cones include curiously modified nervous filaments. But these 
organs in the Articulata are so much diversified that Muller 
formerly made three main classes with seven subdivisions, besides 
a fourth main class of aggregated simple eyes. 

YVhen we reflect on these facts, here given much too briefly, 
■with respect to the wide, diversified, and graduated range of 
structure in the eyes of the lower animals ; and when we bear in 
mind how small the number of all living forms must be in com- 
X>arison mth those which have become extinct, the difficulty ceases 
to be very great in believing that natural selection may have 
converted the simple apparatus of an optic nerve, coated with 
X>igment and invested by transparent membrane, into an optical 
instrument as perfect as is possessed by any member of the 
Articulate Class. 

He who will go thus far, ought not to hesitate to go one step 
further, if he finds on finiiiing this volume that large bodies of 
facts, otherwise inexplicable, can be explained by the theory of 
mo^fication through natural selection ; he oi^ht to admit tto a 
stracMre even as perfect as an eagle’s eye might thus be formed. 
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although, in this case he does not know the transitional states. 
It has been objected that in order to modify the eye and still 
preserve it as a perfect instrument, many changes would have 
to be effected simultaneously, which, it is assumed, could not be 
done through natural selection ; but as I have attempted to show 
in my work on the variation of domestic animals, it is not 
necessary to suppose that the modifications were all simultaneous, 
if they were extremely slight and gradual. Different kinds of 
modification would, also, serve for the same general purpose : as 
Mr. Wallace has remarked, “if a lens has too short or too long 
a focus, it may be amended either by an alteration of curvature, 
or an alteration of density; if the curvature be irregular, and 
the rays do not converge to a point, then any increased regularity 
of curvature will be an improvement. So the contraction of the 
iris and the muscular movements of the eye are neither of them 
essential to vision, but only improvements which might have been 
added and perfected at any stage of the construction of the 
instrument.” Within the highest division of the animal kingdom, 
namely, the Yertebrata, we can start from an e>e so simple, that 
it consists, as in the lancelet, of a little sack of transparent skin, 
furnished with a nerve and lined with pigment, but destitute of any 
other apparatus. In fishes and reptiles, as Owen has remarked, 
“the range of gradations of dioptric structures is very great.” 
It is a significant fact that even in man, according to the high 
authority of Virchow, the beautiful crystalline lens is formed 
in the embryo by an accumulation of epidermic cells, lying in 
a sack-like fold of the skin; and the vitreous body is formed from 
embryonic sub-cutaneous tissue. To arrive, however, at a just 
conclusion regarding the formation of the eye, with all its marvel- 
lous yet not absolutely perfect characters, it is indispensable that 
the reason should conquer the imagination ; but I have felt the 
difficulty far too keenly to be surprised at others hesitating to 
extend the principle of natural selection to so startling a length. 

It is scarcely possible to avoid comparing the eye with a 
telescope. We know that this instrument has been perfected by 
the long-continued efforts of the highest human intellects; and 
we naturally infer that the eye has been formed by a some- 
what analogous process. But may not this inference be pre- 
sumptuous? Have we any right to assume that the Creator 
works by intellectual powers like those of man? If we must 
compare the eye to an optical instrument, we ought in imagin- 
ation to take a thick layer of transparent tissue, with spaces filled 
with fluid, and with a nerve sensitive to light beneath, and 
then suppose every part of this layer to be continually chang- 
ing slowly in density, so as to separate into layers of different 
densities and thicknesses, placed at different distances from 
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eacli other, and with the surfaces of each layer slowly changing 
in form. Further we must suppose that there is a power, repre- 
pnted by natural selection or the survival of the fittest, always 
intently watching each slight alteration in the transparent layers ; 
and carefully preserving each whicli, under varied circumstances, 
in any way or in any degree, tends to produce a distincter image. 
We must suppose each new state of the instrument to be multi- 
plied by the million ; each to be preserved until a better one is 
produced, and then the old ones to be all destroyed. In living 
bodies, variation will cause the slight alterations, generation will 
multiply them almost infinitely, and natural selection will pick 
out with unerring skill each improvement. Let this process go 
on for millions of years ; and during each year on millions of 
individuals of many kinds ; and may Tre not believe that a living 
optical instrument might thus be formed as superior to one of 
glass, as the works of the Creator are to those of man i 

Modes of Transition, 

If it could be demonstrated that any complex organ existed, 
which could not possibly have been formed by numerous, succes- 
sive, slight modifications, my theory would absolutely break down. 
But I can find out no such case. No doubt many organs exist of 
which we do not know the transitional grades, more especially if 
we look to much-isolated species, round which, according to the 
theory, there has been much extinction. Or again, if we take an 
organ common to all the members of a class, for in this latter case 
the organ must have been originally formed at a remote period, 
since which all the many members of the class have been de- 
veloped; and in order to discover the early transitional grades 
through which the organ has passed, we should have to look to 
very ancient ancestral forms, long since become extinct. 

We should be extremely cautious in concluding that an organ 
could not have been formed by transitional gradations of some kind. 
Numerous cases could be given amongst the lower animals of the 
same organ performing at the same time wholly distinct functions; 
thus in the larva of the dragon-fly and in the fish Cobites the 
alimentary canal respires, digests, and excretes. In the Hydra, 
the animal may be turned inside out, and the exterior surface will 
then digest and the stomach respire. In such cases natural selec- 
tion might specialise, if any advantage were thus gained, the whole 
or part of an organ, which had previously performed two functions, 
for one function alone, and thus by insensible steps greatly change 
its nature. Many plants are known which regularly produce at 
the same time differently constructed flowers ; and if such plants 
were to pK)duce one kind alone, a great change would be effected 
with comparative suddenness in the character of the species, B 
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is, however, probable that the two sorts of flowers borne by the 
same plant were originally differentiated by finely graduated steps, 
wMcb may still be followed in some few cases* 

Again, two distinct organs, or the same organ under two very 
«iifferent forms, may simultaneously perform in the same individual 
the same function, and this is an extremely important means of 
transition : to give one instance, — there are fish with gills or bran- 
chisa that breathe the air dissolved in the -water, at the same time 
that they breathe free air in their swimbladders, this latter organ 
being divided by highly vascular partitions and having a ductus 
pneumaticiis for the supply of air. To give another instance from 
the vegetable kingdom : plants climb by three distinct means, by 
spirally twining, by clasping a support with their sensitive tendrils, 
and by the emission of aerial rootlets; these three means are 
usually found in distinct groups, but some few species exhibit two 
of the means, or even all three, combined in the same individual. 
In all such cases one of the two organs might readily be modified 
and perfected so as to perform all the work, being aided during 
the progi*ess of modification by the other organ; and then this 
other organ might be modified for some other and ^quite distinct 
purpose, or be wholly obliterated. 

The illustration of the swimbladder in fishes is a good one, 
because it shows us clearly the highly important fact that an 
organ originally constructed for one purpose, namely, flotation, 
may be converted into one for a -widely dlferent purpose, namely, 
respiration. The swimbladder has, ^so, been worked in as an 
accessory to the auditory organs of certain fishes. All i>hysiologists 
admit that the swimbladder is homologous, or “ideally similar” 
in position and structure with the lungs of the higher vertebrate 
animals : hence there is no reason to doubt that the swimbladder 
has actually been converted into lungs, or an organ used exclu- 
sively for respiration. 

According to this view it may be inferred that all vertebrate 
animals with true lungs are descended by ordinary generation 
from, an ancient and unknown prototype, which was furnished 
with a floating apparatus or swimbladder. We can thus, as I 
infer from Owen’s interesting description of these parts, under- 
stand the strange fact that every particle of food and drink which 
we swallow has to pass over the orifice of the trachea, with some 
risk of falling into the lungs, not-withstanding the beautiful con- 
trivance by which the glottis is closed. In the higher Vertebrata 
the bmnehia have wholly disappeared — but in the embryo the 
slits on the sides of the neck and the loop-like course of the 
arteries still mark their former position. But it is conceivable that 
the now utterly lost branchise might have been gradually workM 
in by natural selection for some distinct purpose; for instancoi 
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Landois lias shown that the wings of insects are developed from 
the tracheae j it is therefore highly probable that in this great class 
organs which once served for respiration have been actually- 
converted into organs for flight. 

In considering transitions of organs, it is so important to bear 
in mind the probability of conversion from one function to another, 
that I will give another instance. Pedunculated cirrijiedes have 
two minute folds of skin, called by me the ovigerous frena, which 
serve, through the means of a sticky secretion, to retain the eggs 
until they are hatched within the sack. These cirripedes have no 
branchiie, the whole surface of the body and of the sack, together 
with the small frena, serving for respiration. The Balanidjn or 
sessile cirripedes, on -the other hand, have no ovigerous frena, the 
eggs lying loose at the bottom of the sack, within the well-enclosed 
shell; but they have, in the same relative position with the frena, 
large, much-folded membranes, which freely communicate with 
the circulatory lacunae of the sack and body, and which have been 
considered by all naturalists to act as branchise. Now I think no 
one will dispute that the ovigerous frena in the one family are 
strictly homologous with the branchiie of the other family; indeed, 
they graduate into each other. Therefore it need not be doubted 
that the two little folds of skin, which originally served as 
ovigerous frena, but which, likewise, very slightly aided in the act 
of respiration, have been gradually converted by natural selection 
into branchijB, simply through an increase in their size and the 
obliteration of their adhesive glands. If all pedunculated cirri- 
pedes had become extinct, and they have suffered far more extinc- 
tion than have sessile cirripedes, who w-ould ever have imagined 
that the branchiae in this latter family had originally existed as 
organs for preventing the ova from being washed out of the sack ? 

There is another possible mode of tiansition, namety, through 
the acceleration or retardation of the period of reproduction. This 
has lately been insisted on by Prof. Cope and others in the United 
States. It is now known that some animals are capable of repro- 
duction at a very early age, before they have acquired their perfect 
characters ; and if this i>ower became thoroughly well developed 
in a species, it seems probable that the adult stage of development 
would sooner or later be lost; and in this case, especially if the 
larva differed much from the mature form, the character of the 
species would b© greatly changed and degraded. Again, not a 
few animals, after arriving at maturity, go on clianging in character 
during nearly their whole lives. With mammals, for instance, the 
form of the skull is often much altered -with age, of which Dr. 
Murie has given some striking instances with seals ; every -toe 
knows how the horns Of st^ become more and more braawihed, 
and of- eomO birds become more finely dov^oped, as 
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it will be found that although the general appearance and function 
of the organs may be the same, yet fundamental differences between 
them can always be detected. For instance, the eyes of cephalo- 
pods or cuttle-ffsh and of vertebrate animals appear wonderfully 
alike; and in such widely sundered groups no part of this re- 
semblance can be due to inheritance from a common progenitor. 
Mr. Mivart has advanced this case as one of special difficulty, but 
I am unable to see the force of his argument. An organ for vision 
must be formed of transparent tissue, and must include some sort 
of lens for throwing an image at the iDack of a darkened chamber. 
Beyond this superficial resemblance, there is hardly any real 
similarity between the eyes of cnttle-fish and vertebrates, as may 
be seen by consulting Hensen’s admirable memoir on these organs 
in the Cephalopoda. It is impossible for me here to enter on 
details, but I may specif 3^ a few of the points of difference. The 
crystalline lens in the higher cuttle-fish consists of two parts, 
ifiaced one behind the other like two lenses, both having a very 
different structure and disposition to what occurs in the vertebrata. 
The retina is whollj^ different, with an actual inversion of the 
elemental parts, and with a large nervous ganglion included within 
the membranes of the eye. The relations of the muscles are as 
different as it is possible to conceive, and so in other points. 
Hence it is not a little difficult to decide how far even the same 
terms ought to be employed in describing the eyes of the Cepha- 
lopoda and Vertebrata. It is, of course, open to any one to deny 
that the eye in either case could have been developed through the 
natural selection of successive slight variations; but if this be 
admitted in the one case, it is clearly possible in the other; and 
fundamental differences of structure in the visual organs of two 
groups might have been anticipated, in accordance with this view 
of their manner of formation. As two men have sometimes inde- 
pendently hit on the same invention, so in the several foregoing 
cases it appears that natural selection, working for the good of 
each being, and taking advantage of all favourable variations, has 
produced similar organs, as far as function is concerned, in distinct 
organic beings, which ow^e none of their structure in common to 
inheritance from a common progenitor. 

Fritz Miiller, in order to test the conclusions arrived at in this 
volume, has followed out with much care a nearly similar line of 
argument. Several families of crustaceans include a few species, 
l>ossessing an air-breathing apparatus and fitted to live out of the 
water. In two of these families, which were more especially 
examined by Muller, and which are nearly related to each other, 
the species agree most closely in all important characters; namely 
in their sense organs, circulating system, in the position of the tufts 
of hair within their complex stomachs, and lastly in the whole 
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structure of tlie water-breatliing brancliijB, even to the micro- 
scopical hooks by which they are cleansed. Hence it might have 
been expected that in the few species belonging to both fainilies 
which live on the land, the equally-important air-breathing appa- 
ratus would have been the same : for why should this one apparatus, 
given for the same purpose, have been made to differ, whilst all 
the other important organs were closely similar or rather identical. 

Fritz hluller argues that this close similarity in so many points 
of structure must, in accordance with the views advanced by me, 
be accounted for by inheritance from a common progenitor. But 
as the vast majority of the species in the above two families, as 
well as most other crustaceans, are aquatic in their habits, it is 
improbable in the highest degree, that their common progenitor 
should have been adapted for breathing air Miilier was tliiis led 
carefully to examine the apparatus in the air-breathing species; 
and he found it to differ in each in several important points, as ia 
the position of the orifices, in the manner in vrliich they are opened 
and closed, and in some accessory details. How such ditrerences 
are intelligible, and might even have been expected, on the sup- 
position that species belonging to distinct families had slowly 
become adapted to live more and more out of water, and to breathe 
the air. For these species, from belonging to distinct families, 
would have ditfered to a certain extent, and in accordance with 
the principle that the nature of each variation depends on two 
factors, viz., the nature of the organism and that of the sur- 
rounding conditions, their variability as.snrodly would not have 
been exactly the same. Consequently natural selection would 
have had different materials or variations to work on, in order to 
arrive at the same functional result; and the structures thus 
acquired would almost necessarily have differed. On the hypio- 
thesis of separate acts of creation the whole case remains unintel- 
ligible. This line of argument seems to have had great weight in 
leading Fritz Muller to accept the views maintained by me in 
this volume. 

Another distinguished zoologist, the late Professor ClaparMe, 
has argued in the same manner, and has arrived at the same 
result. He shows that there are parasitic mites (Acaridse), 
belonging to distinct sub-families and families, which are furnished 
with hair-claspers. These organs must have been independently 
developed, as they could not have been inherited from a common 
progenitor; and in the several groups they are formed by the 
modification of the fore-legs, — of Iho hind-legs, — of the maxiil© 
or lips,-- -and of appendages on the under side of the hind part of 
the body. 

In the foregoing cases, we see the same end gained and the 
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same function performed, in beings not at all or only remotely 
allied, by organs in appearance, tliougli not in development, 
closely similar. On the other hand, it is a common rule througli- 
out nature that the same end should be gained, even sometimes in 
the case of closely-related beings, by the most diversified means. 
How differently constructed is the feathered wing of a bird and 
the membrane-covered wing of a bat ; and still more so the four 
wings of a butterfly, the two wings of a fly, and the two mngs 
with the elytra of a beetle. Bivalve shells are made to open and 
shut, but on what a number of patterns is the hinge constructed, — 
from the long row of neatly interlocking teeth in a Nucnla to the 
simple ligament of a Mussel 1 Seeds are disseminated by their 
minuteness, — by their capsule being converted into a light balloon- 
like envelope, — by being embedded in pulp or flesh, formed of the 
most diverse parts, and rendered nutritious, as well as conspicuously 
coloured, so as to attract and be devoured by birds, — by having 
hooks and grapnels of many kinds and serrated awns, so as to 
adhere to the fur of quadrupeds, — and by being furnished with 
wings and plumes, as different in shape as they are elegant in 
structure, so as to be -wafted by every breeze. I will give one 
other instance ; for this subject of the same end being gained by 
the most diversified means well deserves attention. Some authors 
maintain that organic beings have been formed in many ways for 
the sake of mere variety, almost like toys in a shop, but such a 
view of nature is incredible. With plants having separated sexes, 
and with those in which, though hermaphrodites, the pollen does 
not spontaneously fall on the stigma, some aid is necessary for 
their fertilisation. With several kinds this is effected by the 
pollen-grains, which are light and incoherent, being blown by 
the wind through mere chance on to the stigma ; and this is the 
simplest plan which can well be conceived. An almost equally 
simple, though very different, plan occurs in many plants in which 
a symmetrical flower secretes a few drops of nectar, and is con- 
sequently visited by insects ; and these carry the pollen from the 
anthers to the stigma. 

F^om this simple stage we may pass through an inexhaustible 
number of contrivances, all for the same purpose and effected in 
essentially the same manner, but entailing changes in every part 
of the flower. The nectar may be stored in variously shaped 
receptacles, with the stamens and pistils modified in many ways, 
sometimes forming trap-like contrivances, and sometimes capable 
of neatly adapted movements through irritability or elasticity. 
From such structures we may advance till we come to such a case 
of extraordinary adaptation as that lately described by Dr. Criiger 
in the Coryanthes. This orchid has part of its labellum or lower 
lip hollo^'^'ed out into a great bucket^ into which drops of almost 
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pure water continually fall from two secreting horns wMcli stand 
above it ; and when the bucket is half full, the water overflows by 
a spout on one side. The basal part of the labellimi stands over 
the bucket, and is itself holloTved out into a sort of chamber with 
two lateral entrances; within this chamber there are curious 
fleshy ridges. The most ingenious man, if he had not mtnessed 
what takes place, could never have imagined what purpose all 
these parts serve. But Br. Cruger saw crowds of large humble- 
bees visiting the gigantic flowers of this orchid, not in order to 
suck nectar, but to gnaw off the ridges within the chamber above 
the bucket; in doing this they frequently pushed each other into 
the bucket, and their wings being thus W’etted they could not fly 
away, but w’ere compelled to ci-awl out through the passage formed 
by the spout or overflow, Br. Cruger saw a “continual procession” 
of bees thus crawiing out of their involuntary bath. The passage is 
narrow, and is roofed over by the column, so that a bee, in forcing 
its way out, first rubs its back against the viscid stigma and then 
against the viscid glands of the pollen-masses. The pollen-masses 
are thus glued to the back of the bee which first happens to crawd 
out through the passage of a lately expanded flower, and are thus 
carried aw^ay. Br. Cruger sent me a flower in spirits of wine, 
with a bee which he had killed before it had quite crawled out 
with a pollen-mass still fastened to its back. When the bee, thus 
provided, flies to another flower, or to the same flower a second 
time, and is pushed by its comrades into the bucket and then 
crawds out by the passage, the i>ollen-mass necessarily comes first 
into contact with the viscid stigma, and adheres to it, and the 
flower is fertilised. Now at last we see the full use of every part 
of the flower, of the water-secreting horns, of the bucket half full 
of w^ater, wdiich jmevents the bees from flying away, and forces 
them to crawl out through the spout, and rub against the properly 
placed viscid pollen-masses and the viscid stigma. 

The construction of the flower in another closely allied orchid, 
namely the Catasetum, is widely different, though serving the 
same end ; and is equally curious. Bees visit these flowers, like 
those of the Coryanthes, in order to gnaw the labellum ; in doing 
this they inevitably touch a long, tapering, sensitive projection, 
or, as I have called it, the antenna. This antenna, when touched, 
transmits a sensation or vibration to a certain membrane which is 
instantly raptured; this sets free a spring by which the pollen- 
mass is shot forth, like an arrow, in the right direction, and adheres 
by its viscid extremity to the back of the bee. The pollen-mass 
of the male plant (for the sexes are separate in this orchid) is thus 
carried to the flower of the female plant, where it is brought into 
contact with the stigma, which is viscid enough to break certain 
elastic threads, and retaining the pollen, fertil&ation is effected* 
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How, it may be asked, in tbe foregoing and in iniramerable 
other instances, can we understand the graduated scale of com- 
plexity and the multifarious means for gaining the same end. 
The answer no doubt is, as already remarked, that' when two 
forms vary, which already differ from each other in some slight 
degree, the variability will not be of the same exact nature, and 
consequently the results obtained through natural selection for the 
same general purpose will not be the same. We should also bear 
in mind that every highly developed organism has passed through 
many changes ; and that each modified structure tends to be 
inherited, so that each modification will not readily be quite lost, 
but may be again and again further altered. Hence the structure 
of each part of each species, for whatever purpose it may serve, is 
the sum of many inherited changes, through which the species has 
passed during its successive adaptations to changed habits and 
conditions of life. 

Finally then, although in many cases it is most difficult even to 
conjecture by -what transitions organs have arrived at their present 
state ; yet, considering how small the proportion of living and 
known forms is to the extinct and unkno-wn, I have been 
astonished how rarely an organ can he named, towards which no 
transitional grade is known to lead. It certainly is trac, that new 
organs appearing as if created for some special purpose, rarely or 
never appear in any being ; — ^as indeed is shown by that old, hut 
somewhat exaggerated, canon in natural history of ‘‘Natura non 
facit saltum.” We meet with this admission in the ^vritings of 
almost every experienced naturalist ; eras Milne Edv^nrds has w’ell 
expressed it, Nature is prodigal in variety, but niggard in inno- 
vation. Why, on the theory of Creation, shonld there be so much 
variety and so little real novelty ? Why should all the parts and 
organs of many independent beings, each supposed to have been 
separately created for its proper place in nature, be so commonly 
linked together by graduated steps ? Why should not Nature take 
a sudden leap from structure to structure ? On the theory of 
natural selection, we can clearly understand why she should not ; 
for natural selection acts only by taking advantage of slight suc- 
< 2 essive variations ; she can never take a great and sudden leap, 
but must advance by short and sure, though slow steps. 

Orgam of Uuk apparent Importance^ as affected hg fffakeiral 
Selection, 

4s natural selection acts by life and death, — ^by the survival of 
the fittest, and by th© destruction of the less well-fitted in- 
dividual^— I have sometimes felt great difficulty in underatanding 
the origin or fomiaMsm.oC parts eff little importance; almost iMi 
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great, tlion^li of a very different kind, as in tie case of tie nro.V. 

perfect and complex organs. 

Ill the first place, we are mncli too ignorant in regard to the 
whole economy of any one organic being, to say what slight 
modifications would be of importance or not. In a former chapter 
I have given instances of very trifiing characters, such as the do^vn 
on fruit and the colour of its flesh, the colour of the skin and hair 
of quadrupeds, which, from being correlated with constitutional 
differences or from determining the attacks of insects, might 
assuredly be acted on by natural selection. The tail of the giraffe 
looks like an artificially constructed fly-fiapper ; and it seems at 
first incredible that this could have been adapted for its present 
purpose by successive slight modifications, each better and better 
fitted, for so trifiing an object as to drive away files ; yet ive 
should pause before being too positive even in this case, for we 
know that the distribution and existence of cattle and other 
animals in South America absolutely depend on their power of 
resisting the attacks of insects : so that individuals which could 
by any means defend themselves from these small enemies, would 
be able to range into new pastures and thus gain a great advan- 
tage. It is not that the larger quadrupeds aro actually destroyed 
(except in some rare cases) by flies, but they are incessantly 
harassed and their strength reduced, so that they are more 
subject to disease, or not so well enabled in a coming dearth to 
search for food, or to escape from beasts of prey. 

Organs now of trifling importance have probably in some cases 
been of high importance to an early progenitor, and, after having 
been slowly perfected at a former period, have been transmitted to 
existing species in nearly the same date, although now of very 
slight use ; but any actually injurious deviations in their structure 
would of course have been checked by natural selection. Seeing 
how important an organ of locomotion the tail is in most aquatic 
animals, its general presence and use for many purposes in so 
many laud animals, which in their lungs or modified swim -bladders 
betray their aquatic origin, may perhaps be thus accounted for. 
A well-developed tail having been formed in an aquatic animal, it 
might subsequently come to be worked in for all sorts of purposes, 
— as a fiy-filapper, an organ of prehension, or as an aid in turning, 
as in the case of the dog, though the aid in this latter respect 
must be slight, for the hare, with hardly any tail, can double still 
more quickly. 

In the second place, wb may easily err in attributing importance 
to charactws, and in believing tbit they have been developed 
Enough natural ejection. We must by no means overlook the 
elfesfe of the definite aclion of changii conditibns of life,— 
^ntan«s Ttoations, which seem to depend in a quite 
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subordinate degree on tlio nature of tlie conditions, —of tlie 
tendency to reversion to Irnig-lost characters, — of the complex laws 
of growth, sncli as of correlation, compensation, of the pressure of 
one part on another, etc., — and finally of sexual selection, by which 
characters of use to one sex are often gained and then transmitted 
more or less perfectly to the other sex, though of no use to this 
sex. But .structures thus indirectly gained, although at first of no 
advantage bi a species, may subbeqiiently have been taken 
advantage of by its modified descendants, under new conditions of 
life and newly acquired habits. 

If green woodpeckers alone had existed, and we did not know 
that there were many black and pied kinds, I dare say that we 
should have thought that the green colour was a beautiful adapta- 
tion to conceal this tree-frequenting bird from its enemies; and 
consequently that it uiu a character of importance, and had been 
acquired through natural .'^election; a.s it is, the colour is probably 
in chief part due to sexual selection. A trailing palm in the J^lalay 
Archipelago climbs the loftiest trees by the aid of exquisitely con- 
structed hooks clnsterc<l around the ends of the branches, and this 
contriYaiice, no doubt, is of the highest service to the plant ; but 
as we see nearly similar hooks on many trees wliicii are not 
climbers, and Yliich, as there is reason to believe from the dis- 
tribution of the thorn-bearing species in Africa and South 
America, serve as a defence against browsing quadrupeds, so the 
spikes on the palm may at first have been developed for this 
object, and subsequently have been improved and taken advan- 
tage of by the plant, as it underwent further modification and 
became a climber. The naked skin on the head of a vulture is 
generally considered as a direct adaptation for wallowing in 
putridity ; and so it may be, or it may possibly be due to the 
direct action of piitrid matter ; but we should be very cautious 
in drawing any such inference, when we see that the skin on the 
head of tlie clean -feeding male Turkey is likewise naked. The 
sutures in the skulls of young mammals have been advanced as a 
beautiful adaptation for aiding parturition, and no doubt they 
facilitate, or may be indispensable for this act; but as sutures 
occur in the skulls of young birds and reptiles, which have only 
to emiape from a broken egg, we may infer that this structure has 
arisen from the laws of growth, and has been taken advantage of 
in the |»rturition of the higher animals. 

We are profoundly ignorant of the cause of each slight variation 
or individual diffewnce ; and we are immediately made conscious 
of this by reflect^ on the differences between the breeds of our 
domesticated aniinals in different countries, — ^more especially in 
the lass civilised countries where there has been but little 
methodical selection. Animals kept by savages in different 
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countries often have to struggle for their ovm subsistence, and are 
exposed to a certain extent to natural selection, and individuals 
with slightly dilfereiit constitutions would succeed beet under 
diiferent climates. With cattle susceptibility to the attacks of 
dies is correlated with colour, as is the liability to be poisoned by 
certain plants ; so that even colour would be thus subjected to the 
action of natural selection. Borne observers are convinced that a 
damp climate affects the growth of the hair, and that with the hair 
the horns are correlated. ^Mountain breeds always differ from 
lowland breeds ; and a niouniainous country would probably affect 
the hind limbs from exercising them more, and possibly even the 
form of the pelvis ; and then b5" the law of homologous variation, 
the front Imrbs and the head would x^robably be affected. The 
shape, also, of the xiehus might affect by pressure the shape of 
certain parts of rdie young in the womb. The laborious breathing 
necessary in high regions tends, as we have good reason to believe, 
to increase the size of the chest ; and again correlation would come 
into play. The effects of lessened exercise together with abundant 
food on the whole organisation is probably still more imx'^ortaiit ; 
and this, as H. von Nathusius has lately shown in his excellent 
Treatise, is apparently one chief cause of the great modification 
which the breeds of swine have undergone. But we are far too 
ignorant to speculate on the relative importance of the several 
known and unknown causes of variation ; and I have made these 
remarks only to show that, if we are unable to account for the 
characteristic differences of our several domestic breeds, which 
nevertheless are generally admitted to have arisen through 
ordinary generation from one or a few parent-stocks, we ought 
not to lay too much stress on our ignorance of the precise causa 
of the slight analogous differences between true species. 

Utilitarian Doctrine^ hoio far true : Beauty^ how acquired. 
The foregoing remarks lead me to say a few words on the protest 
lately made by some naturalists, against the utilitarian doctrine 
that every detail of structure has been produced for the good of 
its possessor. They believe that many structures have been 
created for the sake of beauty, to delight man or the Creator (but 
this latter point is beyond the scope of scientific disciission), or for 
the sake of mere variety, a view already discussed. Such doctrines, 
if true, would be absolutely faUl to my theory. I fully admit 
that many structures are now of no direct use to their possessors, 
and may never have been of any use to their progenitors ; but this 
does not prove that they were formed solely for beauty or variety* 
Ho doubt the definite action of chang^ conditions, and the 
various causes of modifications, lately specified, have all produced 
an effect, probably a great effect, independently of any advanta^ 
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tlnia gained. But a Sjtill more important consideration is that the 
chic! part of the organisation of every living creature is due to 
inheritance; and consequently, though each being assuredly is 
well fitted for its place in nature, many structures have now no 
very close and direct relation to present habits of life. Thus, wc 
can hardly bfdieve that the webbed feet of the upland goose or of 
the frigate-bird are of special use to these birds ; we cannot believe 
that the similar bones in the arm of the monkey, in the fore-leg 
of the horse, in the wing of the bat, and in the flipper of the seal, 
arc of special use to these animals. We may safely attribute 
these Rtructures to inheritance. But webbed feet no doubt were 
as useful to the jirogenitor of the upland goose and of the frigate- 
bird, as they now arc to the most aquatic of living birds. Bo we 
may believe that the progenitor of the seal did not possess a 
flipper, but a foot with five toes fitted for walking or grasping; 
and we may further venture to believe that the several bones in 
the limbs of the monkey, horse, and bat, were originally developed, 
on the principle of utility, probably through the reduction of more 
numerous bones in the fin of some ancient fish-like progenitor of 
the whole <dass. It is scarcely possible to decide how much 
allowance ought to be made for such causes of change, as the 
definite action of external conditions, so-called spontaneous varia- 
tions, and the complex laws of growth ; but with these important 
exceptions, we may conclude that the structure of every living 
creature either now is, or was formerly, of some direct or indirect 
use to its possessor. 

With respect to the belief that organic beings have been created 
beautiful for the delight of man,— a belief which it has been 
pronounced is subversive of my whole theory, — I may first remark 
that the sense of beauty obviously depends on the nature of the 
mind, irres|>ective of any real Quality in the admired object ; and 
that the idea of what is beautiful, is not innate or unalterable* 
We see this, for instance, in the men of different races admiring 
an entirely different standard of beauty in their women. If 
b^utiful objects had been created solely for maffs gratification, 
it ought to be shown that before man appeared, there was less 
beauty on the face of the earth than since he came on the stage. 
Were the beautifnl volute and cone shells of the Eocene epocli, 
and the gracefully sculptured ammonites of the Secondary ;^rio^ 
created that man might ages afterwards admire them in his 
cabinet? Few objects^ are more beautiful than the minute 
siliceous cases of the diatomaceae: were these created that they 
might be examined and admired under the higher powers of the 
microscope? The beauty in this latter case, and in many others, 
is apparently wholly due to symmetry of growth. Flowers rank 
amongst the most pixhictions of nature; but they have' 
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been rendered conspicuous in contrast mtli the green leaves^ and 
ill consequence at the same time heautifnl, so that they may be 
easily observed by insects. I have come to this conclusion from 
finding it an invariable rule that when a flower is fertilised by the 
wind it never has a gaily-coloured corolla. Several plants liabitii- 
aliy produce two kinds of flowers ; one kind open and coloured so 
as to attract insects ; the oiher closed, not coloured, destitute of 
nectar, and never visited by insects. Hence we may conclude 
that, if insects had not been developed on the face of the earth, 
oui' plants would not have been decked with beautiful flowers, 
but would have produced only such iioor flowers as wo see on our 
fir, oak, nut and ash trees, on grasses, siiinach, docks, and nettles, 
■which are all fertilised through the agency of the wind. A similar 
line of argument holds good with fruits; that a ripe strawberry or 
cherry is as pleasing to the eye as to the palate, — that the gaily- 
coloured fruit of the spmdie-wood tree and the scarlet berries of 
the holly are beautiful objects, — ^will be admitted by every one. 
But this beauty serves merely as a guide to birds and beasts, 
in order that the fruit may be devoured and the manured seeds 
disseminated: I infer that this is the case from having as yet 
found no exception to the rule that seeds are always thus 
disseminated wlien embedded within a fruit of any kind (that is 
•within a fleshy or pulpy envelope), if it be coloured of any brillia'iit 
tint, or rendered conspicuous by being w’hite or black. 

On the other hand, I -^villingly admit that a great number of 
male animals, as all our most gorgeous birds, some fishes, reptiles, 
and mammals, and a host of magnificently coloured butterflies, 
have been rendered beautiful for beauty’s sake; but this has been 
effected through sexual selection, that is, by the more beautiful 
males having been continually preferred by the females, and not 
for the delight of man. So it is with the music of birds. We 
may infer from all this that a nearly similar taste for beautiful 
colours and for musical sounds runs through a large part of the 
animal kingdom. When the female is as beautifully coloured as 
the male, which is not rarely the case -with birds and butterflies, 
the cause apparently lies in -the colours acquired through sexual 
selection having been transmitted to both sexes, instead of to the 
males alone. How the sense of beauty in its simplest form — that 
is, the reception of a peculiar kind of pleasure from certain colours, 
forms^ and. sounds — ^was first developed in the mind of man and 
of the lower animals, is a very obscure subject. The same sort of 
di^culty is presented, if we enquire how it is that certain flavours 
odours give pleasure, and others displeasure. Habit in all 
'Cases appears to have come to a certain extent into play| 
bi|.|._ there must be some fundamental causa in the cemstitnfinn ^ 
system in ea(dL spm ' . ■«' r* 
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Natural selection cannot possibly produce any modification in 
a species exclusively for the good of another species; tlioiigh 
throughout nature one species incessantly takes advantage of, and 
profits by, the structures of others. But natural selection can 
and does often produce structures for the direct injury of other 
animals, as we see in the fang of the adder, and in the ovipositor 
of the ichneumon, by which its eggs arc deposited in the living 
bodies of other insects. If it could be proved that any part of the 
structure of any one species had been formed for the exclusive 
good of another species, it would annihilate my theory, for such 
could not have been produced through natural selection. Although 
many statements may be found in works on natural history to 
this effect, I cannot find even one which seems to me of any 
weight. It is admitted that the rattlesnake has a poison -fang for 
its own defence, and fur the destruction of its prey; but some 
aiitljors suppose that at the same time it is funiislied ’nitli a rattle 
for its own injury, namely, to warn its prey. I would almost as 
soon believe that the cat curls the end of its tail when preparing 
to spring, in order to warn the doomed mouse. It is a much 
more probable view that the rattlesnake uses its rattle, the cobra 
expands its frill, and the pufi-adder swells whilst hissing so loudly 
and harshly, in order to alarm the many birds and beasts which 
are known to attack even the most venomous species. Snakes 
act on the same principle which makes the hen rufSe her feathers 
and expand her wings when a dog approaches her chickens; but 
I have not space here to enlarge on the many ways by which 
animals endeavour to frighten away their enemies. 

Natural selection will never produce in a being any structure 
more injurious than beneficial to that being, for natural selection 
acts solely by and for tlie good of each. No organ will be formed, 
as Paley has remarked, for the purpose of causing pain or for 
doing an injury to its possessor. If a fair balance be struck 
between the go<ii and evil caused by each part, each will be found 
on the whole advantageous. After the lapse of time, under 
changing conditions of life, if any part comes to be injurious, it 
will be modified ; or if it be not so, the being will become extinct 
as myriads have become extinct 

Natural selection tends only to mahe each organic being as 
perfect as, or slightly more perfect than, the other inhabitants of 
the same country with which it comes into competition. And we 
see that this is the standard of perfection attained under nature. 
The endemic productions of New Zealand, for instance, are perfect 
one comj»red with another ; but they are now rapidly yielding 
before the advancing legions of plants and animals introduced 
from Europe. Natural sele^on will not produce absolute per- 
fection, nor do we always meet* as far as we can judge, with thia 
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siandard under nature. The correction for the aberration of 

is said bj" i\lilller not to be i3erfect even in that most perfect 
organ, the human eye. Helmholtz, whose jiulgment no one will 
dit^pllte 5 after describing in the strongest terms the wonderful 
pfArer of the human cj'e, adds these remarkable words : “ That 
which we have discovered in the way of inexactness and imper- 
fection in the optical machine anti in the image on the retina, is as 
nothing in comparison vuth the incongraiiies which we have just 
come across in the domain of the sensations. One might say that 
nature has taken delight in accumulating contradictions in order 
to remove all foundation from the theory of a pre-existing 
harmony between the external and internal worlds.’ If our 
reason leads us to admire with entlm&iasm a multitude of 
illimitable contrivances in nature, this same reason tells us, 
though we may easily err on both sides, that some other con- 
trivances are less perfect. Can we consider the sting of the bee as 
perfect, which, w’hen used against many kinds of enemies, cannot 
be ’ivithdrawn, owing to the backward serratures, and thus inevit- 
ably causes the death of the insect by tearing out its viscera ? 

If we look at the sting of the bee, as having existed in a remote 
progenitor, as a boring and serrated instrument, like that in so 
many members of the same great order, and that it lias since been 
modified, but not perfected for its present purpose, %vith the 
poison originally adapted for some other object, such as to produce 
galls, since intensified, we can perhaps understand how it is that 
the use of the sting should so often cause the insect’s own death : 
for if on the whole the po’wer of stinging be useful to the social 
community, it will fulfil all the requirements of natural selection, 
though it may cause the death of some fevr members. If we 
admire the truly wonderful power of scent by which the mrfes of 
many insects find their females, can we admire the production for 
this single pm'pose of thousands of drones, which are utterly 
useless to the community for any other purpose, and which are 
ultimately slaughtered by their industrious and sterile sisters ? It 
may be difficult, but we ought to admire the savage instinctive 
hatred of the queen-bee, which urges her to destroy the young 
queens, her daughters, as soon as they are bom, or to perish 
herself in the combat ; for undoubtedly tide is for the good of the 
community ; and maternal love or maternal hatred, though the 
latter fortunately is most rare, is all the same to the inexorable 
principle of natural selection. If we admire the several ingenious 
contrivances, by which orchids and many other plants are fertilised 
through insect agency, can we consider as equally perfect the 
elaboration of dense clouds of pollen by our fir-trees, so that a few 
granules may be wafted by chance on to the ovules ? 
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^ummnn/: the Law of Unify of Type an(L of the Conditiom of 
Mxkimce embraced by the Thtory rf Idat nr al Selection, 

We have in this chapter discussed some of the difficulties aad 
objections which may be urged against the theory, i^ilany of 
them are serious ; Imt I think that in the discussion light has been 
thrown on sevenil f.icts, wliich on the belief of independent acts of 
creation are utterly obscure. Wo have seen that species at any 
one period are not indefinitely variable, and are not linked 
together by a multitude of intermediate gradations, partly because 
the process of natural selection is always very slow, and at any one 
time acts only on a few forms; and partly beciiuse the very 
process of natural selection implies the continual supplanting 
and extinction of preceding and intermediate gradations. Closely 
aliiiMi species, now living on a continuous area, must often have 
Uien formed when the area was not continuous, and when the 
conditions of life did not insensibly graduate aw^ay from one part 
to another. When tw’o varieties are formed in two districts of a 
continuous arefi, an intermediate variety ^vili often be formed, 
fitted for au intermediate zone ; but from reasons assigned, 
the intermediate variety will usually exist in lesser numbers 
than the two forms -which it connects; consequently the two 
latter, during the course of further modification, from existing 
in greater numbers, will have a great advantage over the less 
Eumefous intermediate variety, and will thus generally succeed in 
sUppknting and exterminating it. 

We have seen in this chapter how cautious we should be in con- 
cluding tkat the most different habits of life could not graduate 
into each other ; that a bat, for instance, could not have been 
formed by natural selection from an animal which at first only 
glided through the air. 

We have seen that a species under new conditions of life may 
change its habits ; or it may have diversified habits, with some 
very unlike those of its nearest congeners. Hence we can under- 
stand, bearing in mind that each organic being is trying to live 
wherever it can live, how it has arisen that there are upland geese 
with webbed feet, ground woodpeckers, diving thruriies, and 
petr^ with the habits of auks. 

Although the belief tliat an organ so perfect as the eye could 
have been formed by natural selection, is enough to stagger any 
one ; in case of any organ, if we know of a long seri® of 
gradations in complexity, each good for its possessor, then, under 
changing coadltikma of there is no logic®! impossibility in the 
acquirement erf any oimceivable degree of perfection throng 
natural selecrimu 'In Ifeo cases in which we know of no inteR 
mediate or transitional states^ we should be extremely cautious m 
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eoreliidiii^ tiiat none can have existed, for the niettiii:orpiiO;e> of 
many organs show what wonderful changes in function are at 
least possible. For instance, a sviinbladder has ai^parently been 
converted into an air-breatMng lung. The same organ having 
performed simiiltaiieoxisly very different functions, and then 
having been in part or in whole specialised for one function ; and 
two distinct organs having performed at the same time the same 
function, the one having bean perfected whilst aided by the other, 
must often have largely facilits^ted transitions. 

We have seen that in two beings widely remote from each other 
in the natural scale, organs serving for the same purpose and 
ill external appearance closely similar may have been separately 
and independently formed; but when such organs are closely 
examined, essential differences in their structure can almost always 
be detected; and this naturally follows from the principle of 
natural selection. On the other hand, the common rule through- 
out nature is infinite diversity of structure for gaining the same 
end; and this again naturally follows from the same great 
principle. 

In many cases we are far too ignorant to be enabled to assert 
that a part or organ is so unimportant for the welfare of a species, 
that modifications in its structure could not have been slowly 
accumulated by means of natural selection. In many other cases, 
modifications are probably the direct result of the laws of variation 
or of growth, independently of any good having been thus gained. 
But even such structures have often, as ■we may feel assured, 
been subsequently taken advantage of, and still further modified, 
for the good of species under new conditions of life. We may, 
also, believe that a part formerly of high importance has frequently 
been retained (as the tail of an aquatic animal by its terresfcrid 
descendants), though it has become of such small importance that 
it could not, in its present state, have been acquired by means of 
natural selection. 

Katural selection can produce nothing in one species for the 
exclusive good or injury of another ; though it may well produce 
parts, organs, and excretions highly useful or even indBpensable, 
or again highly injurious to another species, but in all cases at the 
same time useful to the possessor, in each well-stocked country 
natural selection acts through the competition of the inhabitants, 
and consequently leads to success in the battle for life, only in 
accordance with the standard of that particular country. Hence 
the inhabitants of one country, generally the smaller one, often 
yield to the inhabitants of another and generally the larger co-tmtry* 
For in the larger eonnfery there will have exisW more individuals 
arid more diversified forms, and the competition will have jbpen 
severer, and thus the standard of perfection wiE have ]t»een 
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rendered higher. Natural selection will not necessarily lead to 
absolute perfection ; nur, as far as we can judge by our limited 
faculties, can absolute perfection be everj'where predicated. 

On the theory of natural selection we can clearly understand 
the full meaning of that old canon in natural history-, Natura 
non facit saltuin.” This canon, if we look to the present inhabi- 
tants alone of the world, is not strictly correct; but if we include 
all those of past times, whether known or unknown, it must on 
this theory be strictly trae. 

It is generally acknowledged that all organic beings have been 
formed on two great laws — Unity of Tyije, and the Conditions of 
I'kdstence. By unity of type is meant that fundamental agree- 
ment in structure wdiich we see in organic beings of the same 
class, and which is quite independent of their habits of life. On 
my theorj’, unity of type is explained by unity of descent. The 
expression of conditions of existence, so often insisted on by the 
illustrious Cuvier, is fully embraced by the principle of natural 
selection. For natural selection acts by either now adapting the 
vaiying parts of each being to its organic and inorganic conditions 
of life ; or by having adapted them during past periods of time : 
the adaptations being aided in many cases by the increased use or 
disuse of parts, being affected by the direct action of the external 
conditions of life, and subjected in all cases to the several laws of 
growth and variation. Hence, in fact, the law of the Conditions 
of Existence is the higher law ; as it includes, through the inheri - 
tan.ee of former variations and adaptations, that of Unity of Type. 


CHAPTER VII. 

Miscellakeoits Objections to the Theory of Nattoal 
Seiection. 

Lonpvitj — Modifications not necessarily 8imHtaneon&---ModifiGations appa- 
rently of no direct service — Progressive deYelopment—Charaeters of small 
fonc&nal importance, the most constant — Bupposed incompetence of 
natural seleastion to account for the incipient stages of useful structures — 
Caww which interfere with the acquimtion through natural selection of 
useful steacterw — Gradations of structure with chan^d functions — ^Widely 
differmit oigans in, memhers of the same class, developed from one and the 
same source— Bessons for disbelieving in great and abrupt modificatious. 

I WILL devote tliis chapter to the consideration of various miscel- 
laneous objectiems which have been advanced against my views, 
as some of the previous discussions may thus be made clearer ; but 
it would be useless to discuss aH of them, as many have been 
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made by VrTitets ^Yh.o have not taken the trouble to understand 
the subject. Thus a di'^tinguished German naturalist has asserted 
that the weakest part of my theoj^- is, that I consider all organic 
beings as imperlect : what I have really said is, that all are nor 
as perfect as they might have been in relation to their conditions ; 
and this is shown to be the case by so many native forms in many 
quarters of the world having yielded their places to intruding 
foreigners. Nor can organic beings, even if they were at any 
one time perfectly adapted to their conditions of life, have re- 
mained so, when their conditions changed, unless they themselves 
likewise changed ; and no one wdil dispute that the xdiysical con- 
ditions of each country, as well as the nmnbers and kinds of its 
inhabitants, have undergone many mutations. 

A critic has lately insisted, with some parade of mathematical 
accuracy, that longevity is a great advantage to all species, so that 
he who believes in natural selection ‘‘must arrange his genea- 
logical tree ” in such a manner that all the descendants have longer 
lives than their progenitors! Cannot our critic conceive that a 
biennial plant or one of the lo'wer animals might range into a cold 
climate and perish there every winter; and yet, owing to advan- 
tages gained through natural selection, survive from year to year 
by means of its seeds or ova? Mr. E. Ray Lankester has recently 
discussed this subject, and he concludes, as far as its extreme 
complexity allow^s him to form a judgment, that longevity is 
generally related to the standard of each species in the scale of 
organisation, as well as to the amount of expenditure in reproduc- 
tion and in general activity. And these conditions have, it is 
probable, been largely determined through natural selection. 

It has been argued that, as none of the animals and plants of 
Egypt, of which we know anything, have changed during the last 
three or four thousand years, so probably have none in any part 
of the world. But, as Mr. G. H. Lewes has remarked, this line 
of argument proves too much, for the ancient domestic races 
figured on the Egyptian monuments, or embalmed, are closely 
similar or even identical with those now living; yet all naturalists 
admit that such races have been produced through the modifica- 
tion of their original types. The many animals which have 
remained unchanged since the commencement of the glacial period, 
would have been an incomparably stronger case, for these have 
been exposed to great changes of climate and have migrated over 
great distances ; whereas, in Egypt, during the last several thousand 
years, the conditions of life, as far as we know, have remained 
absolutely uniform. The fact of little or no modification having 
been effected since the glacial period wonld have been of some 
avail against those who believe in an innate and necessary law of 
devdopmen^ but is powerless against the doctrine of natural 
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selection or tlie siirvival of the fittest, wMch implies that when 
variations or individual diiierences of a beneficial nature happen 
to arise, these will be preserved ; but this will be efiectcd only 
under certain favourable circumstances. 

The celebrated pabeontologist, Bronn. at the close of his German 
translation of this work, asks, how, on the principle of natural 
selection, can a variety live side by side with the parent species? 
If both have become fitted for slightly different Iiabits of life or 
conditions, they might live together ; and if we lay on one side 
j>olymori)hic species, in which the variability seems to be of a 
peculiar nature, and all mere tempomry variations, such as size, 
albinism, &c., tlie more permanent varieties are generally found, 
as far as I can discover, inhabiting distinct stations,-— such as 
high land or low land, diy or moist districts. H^Ioreovcr, in the 
case of animals which wander much about and cross freely, their 
varieties seem to be generally confined to distinct regions, 

Broun also insists that distinct species never differ from each 
other in single characters, but in many parts; and he asks, how it 
always comes that many pai’ts of the organitoaiion should have 
been modified at the same time through variation and natural 
selection ? But tliere is no necessity for supposing tliat all the 
parts of any being have been simultaneously modified. The most 
striking modifications, excellently adapted for some purpose, might, 
as was formerly remarked, be acquired by successive variations, if 
slight, first in one part and then in another ; and as they 'would be 
transmitted all together, they would appear to us as if they had 
been simultaBeously developed* The best answer, however, to the 
above objection is afforded by those domestic races which have 
been modified, chiefly through man’s pow’er of selection, for some 
special purpose. Look at the race and dray horse, or at the grey- 
hound and mastiff. Their whole frames and even their mental 
characteristics have been modified; but if we could trace each 
step in the history of their transformation,— and the latter steps 
can be traced, — we should not see great and simultaneous changes, 
but first one part and then another slightly modified and improved. 
Even when selection has been applied by man to some one 
chaca^^r alone, — of which our cultivated plants offer the best 
instances,— it will invariably be found that although this one part, 
whi^hir it be the flower, fruit, or leaves, has been greatly changed, 
almost ail the other parts have been slightly mod^ed. This may 
be attributed partly to the principle of correlated growth, and 
partly to scK»lled s^ntaneous variation. 

A much more sserious objection has been urged by Bronn, and 
recently by Bro€% namely, that many characters appear to be of 
no seiwice whatever to thmr possessors, and therefore cannot have 
been influenced throng natoal adecrion. Bronn adduces the 



153 


fe4r. TIL] THEOPiY OF NATURAL SELECTION. 

length of the ears and tails in the dxTerent species of iiaros and 
mice.—the complex folds of enamel in the teeth of many auimals, 
and a iiiultliiide of analogous cases. With respect to piaiitSj tliii 
subject lias been discussed by NngeH in an admirable essay. He 
admits that natural selection lias effected much, but lie ^insists 
that the families of idants differ chiefly from^ each other in mnr- 
Xihological characters, miiich appear to be qrdte unimportant for 
the ^Telfare of the species. Ho consequently believes in an innate 
teiidfiiLy towards progressive and more perfect development. He 
spccilles the arrangement of the cells in the tissues, and of the 
leaves on the axis, as cases in w'hich natural selection could not 
have acted. To these maybe added the numerical divisions in 
the parts of the flower, the position of the ovules, the shape of the 
seed, when not of any use for dissemination, Ac. 

There is much force in the above objection. Nevertheless, we 
ought, in the first place, to be extremely cautious in pretending 
to decide what structures now are, or have formerly been, of use 
to each species. In the second place, it should always be borne 
in mind that wdien one xiart is modified, so will be other parts, 
through certain dimly seen causes, such as an increased or dimin- 
ished flow of nutriment to a part, mutual pressure, an early deve- 
loped part affecting one subsequently developed, and so forth,— ’as 
well as through other causes which lead to the many mysterious 
cases of correlation, wdixch we do not in the least iinderstaiKh 
These agencies may be all grouped together, fur the sake of brevity, 
under the expression of the laws of growth. In the tliird place, 
we have to allow for the direct and definite action of cltanged con- 
ditions of life, and for so-called spontaneous variations, in which 
the nature of the conditions apparently plays a quite subordinate 
part. Bud-variations, such as the appearance of a moss-rose on a 
common rose, or of a nectarine on a peach-tree, offer good instances 
of spontaneous variations ; but even in these cases, if we bear in 
mind the power of a minute drop of poison in producing complex 
galls, we ought not to feel too sure that the above variations are 
not the effect of some local change in the nature of the sap, due 
to some change in the conditions. There must be some efficient 
cause for each slight individual difference as well as for more 
strongly marked variations which occasionally arise; and. if the 
unknown cause were to act pmistently, it is almost certain that 
ahl the individuals of the species would be similarly modified. 

in the earlier editions of this work I under-rated, as it now 
seems probable, the frequency and imjprtence of modifications 
due to spontaneous variability. But it is impossible to attribute 
W Ibis' cause the innumerable structures which axe so wel 
tb the habite <d Me of each species. I can no more believe in 

fonn of a raoe-horae ox gijeyiicKttMlfc 
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wMcli before the principle of selection by man was well under- 
stood, excited so nmcii surprise in the minds of tlie older naturalists, 
can tbus be explained. 

It may bo worth while to illustrate some of the foregoing remarks. 
With respect to the assumed inutility of various parts and organs, 
it is hardly neccssaiy to observe that even in the higher and best- 
known animals many structures exist, which are so highly deve- 
loped that no one doubts that they are of importance, yet their 
use has not been, or has only recently been, ascertained. As Broun 
gives the length of the cam and tail in the several species of mice 
as instances, though trifling ones, of differences in structure which 
can be of no special use, I may mention that, according to Dr. 
Schdbl, the external ears of the common mouse are supplied in 
an extraordinaiy’ manner with nerves, so that they no doubt serve 
as tactile organs ; hence the length of the ears can hardly bo quite 
unimpoilant We shall, also, presently see that the tail is a 
highly nseiul prehensile organ to some of the species; and its 
use would be much iiiiuienced by its lengik 

With respect to plants, to which on account of Nageli s essay I 
shall coniine myself in the following reniark.s, it will be admitted 
thrt the flowers of orchids present a multitude of curious structures, 
which a few years ago would have been considered as mere morpho- 
logical differences -without any special function ; but they are now 
known to be of the highest importance for the fertilisation of the 
species through the aid of insects, and have probably been gained 
trough natural selection. hTo one until lately would have 
imagined that in dimorphic and trimorphic plants the different 
lengths of the stamens and pistils, and their arrangement, could 
have been of any service, but now we know this to be the case. 

In certain whole groups of plants the ovules stand erect, and in 
others they are suspended ; and -within the same ovarium of some 
few plants, one ovule holds the former and a second ovule the 
latter position. These positions seem at first purely morphological, 
or,of no physiological signification ; but Dr. Hooker informs me that 
-within the same ovarium, the upper ovules alone in some eases, and 
In other cases the lower ones alone are fertilised ; and he suggests 
that this probably depends on the direction in which the pollen- 
tubes enter the ovarium. If so, the position of the ovules, even 
when one is erect and the other suspended within the same 
ovarium, would follow from the selection of any slight deviations 
in position which favoured their fertilisation, and the production 
of seed. 

Several plants belonging to distinct orders habitually produce 
flowers of two kinds,— -Hie one open of the ordinary structure, the 
other closed and imperfect These two kinds of flowers sometimes 
differ wonderfully in stxuotere, yet may be seen to graduate into 
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eacli otlier on tlie same plant. The ordinary and open iiowers can 
be intercrossed ; and the benefits which certainly are derived from 
this process are thus secured. The closed and imperfect fIo\\ ers 
are, however, manifestly of high importance, as they 3’ield with 
the utmost safety a large stock of seed, with the expenditure of 
wonderfully little pollen. Tlie two kinds of flowers often differ 
much, as just stated, in structure. The petals in the imperfect 
flowers almost always consist of mere rudiments, and the pollen- 
grains are reduced in diameter. In Ononis columniB five of the 
alternate stamens are rudimentary; and in some species of Viola 
three stamens are in this state, two retaining their proper function, 
blit being of very small size. In six out of thirty of the closed 
flowers in an Indian violet (name unknown, for the plants have 
never produced with me perfect flowei-s), the sepals are reduced 
from the normal number of five to three. In one section of the 
Malpighiacece the closed flowers, according to A. de Jussieu, are 
still further modified, for the five stamens which stand opposite to 
the sepals are all aborted, a sixth stamen standing opposite to a petal 
being alone developed ; and this stamen is not present m the ordi- 
nary flowers of these species ; the style is aborted ; and the ovaria 
are reduced from three to two. Now although natural selection 
may well have had the power to prevent some of the flowers from 
expanding, and to reduce the amount of pollen, when rendered by 
the closure of the flowers superfluous, yet hardly any of the above 
special modifications can have been thus determined, but must 
have followed from the laws of growth, including the functional 
inactivity of parts, during the progress of the reduction of the 
pollen and the closure of the flowers. 

It is so necessary to appreciate the important effects of the laws 
of growth, that I will give some additional cases of another kind, 
namely of differences in the same part or organ, due to differences 
in relative position on the same plant. In the Spanish chestnut, 
and in certain fir-trees, the angles of divergence of the leaves differ, 
according to Schacht, in the nearly horizontal and in the upright 
branches. In the common rue and some other plants, one flower, 
usually the central or terminal one, opens first, and has five sepals 
and petals, and five divisions to the ovarium ; whilst all the other 
flowers on the plant are tetramerous. In the British Adoxa the 
uppermost flower generally has two calyx-lobes with the other 
organs tetramerous, whilst the surrounding flowers generally have 
three calyx-lobes mth the other organs pentamerous. In many 
Composite and UmbellifersB (and in some other plants) Hie cir- 
cumferential flowers have their corollas much more developed 
than those of the centfe; and this seems often connected with the 
abm^on of the reproductive organs. It is a more curious fact, 
previously referred to, that the aehenes or seeds of the ckcum^ 

m 
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ference and ceiutre .soinet-iiner^ diiier greatly iu fomi, colour, and 
other charaetens. lu Carthamus and some other Composit:® the 
central achenes alone are furnished with a pappus ; and in Hyoseris 
the same liead yields achenes of three dilfcreut Ibrnis. In certain 
UnibcllifeRu the exterior seeds, according to Tausch, are ortlio- 
s|>enuoiis, and the central one ccclospermous, and this is a character 
which was considered byDe Cand(*ile to be iu other species of ilie 
liigliCi^t systematic importance. Prof. liraiin mentions a Fimiarx- 
aceous genus, in which the llowers in the lower part of the spike 
bear oval, ribbed, one-seeded nutleis; ami iu the upper part of 
the spike, lanceolate, two-valvcd, and tnu-seeded siliques. In 
tlu'so several cjises, with the exception of that of tlie well developed 
ray-iioreis, which are of service in making tlie flowers conspicuous 
lo insects, natural selection cannot, as far as we can judge, have 
« oine into play, or only in a (piite subordinate manner. Ail these 
moditications ibllow from tlie relative position and inler'action of 
lire parts ; and it. can hardly ])e doulxted that if all the flowers and 
h'aveis. on the same plant had liecn subjected to the same external 
ami internal condition, as are the dowers and leaves in certain 
positions, all would have been modified in the same manner. 

In numerous other cases w’e find modifications of structure, 
wkich are conside-red by botanists to be generally of a highly 
important nature, afiecting only some of the flowers on the same 
plant, or occurring on distinct plants, w^hich grow close together 
under the same conditions. As these variations seem of no special 
use to the plants, they cannot have been influenced by natural 
selection. Of their cause we are quite ignorant ; we cannot even 
attribute them, as in the last class of cases, to any proximate 
agency, such as relative position. I will give only a few instances. 
It is so common to observe on the same plant, flowers indifferently 
tetramerous, iKintarnerous, <fec,, that I need not give examples; 
but as numerical variations are comparatively rare when the parts 
are few', I may mention that, according to De Candolle, the flowers 
of Papaver braettatura offer either two sepals with four petals 
(which is the common type with poppies), or three sepals with six 
petals. The manner in w’hich the petals are folded in the bud is 
in most groups a very constant morphological character; but 
Professor Asa Gray states that with some species of Mimulus, 
the aestivation is alinost as frequently that of the Rhinanthide© 
as of the Antirrhinide©, to which latter tribe the genus belongs. 
Aug. Bt HiMre gives the following cases : the genus Zanthoxylon 
belongs to a division of the Rutace© with a single ovary, but In 
some species flowers noay be found on the same plant, and even 
in the same panicle, with either one or two ovaries. In Helian- 
themum the capsule has been described as unilocular or 3-locuiar ; 
and in H. mutabiie# lame, plm on moim iargej s'^tend 
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fiifre Je pericarpe et ie placenta.’* In the flowers of Saponaria 
ofEcinalis, Dr. Masters has observed instances of both marginal 
and free central placentation. Lastly, St. Hilaire found towards 
the sonihem exiivuie of the range of Gompliia oleieformis 
forms which he did not at first doubt w*ere distinct species, but hf^ 
subsequently saw them growing on the same bush *, and he then 
adds, ‘‘ Yoila done dans un mOme iudividu des ioges et un style 
qiii so rattaciient tantut a un axe verticale et tantut a un 
g^uiobasc.” 

We thus see that with plants many morphological changes may 
be attiibiited to the laws of growth and the inter-action of parts, 
independently of natural selection. But with respect to Nageli s 
doctrine of an innate tendency towards perfection or progressive 
development, can it be said in the case of these strongly pro- 
nounced variations, that the plants have been caught in the act of 
progressing towards a higher state of development ? On the con- 
trary, I should infer from the mere fact of the parts in quostiem 
differing or varying greatly on the same plant, that such modifica- 
tions were of extremely small importance to the plants themselves, 
of wliatever imjKutance they may generally be to us for our 
classifications. The acquisition of a useless part can hardly be 
said to raise an organism in the natural scale ; and in the case of 
the imperfect, closed flowers above described, if any new principle 
has to be invoked, it must be one of retrogi’ession rather than of 
progression ; and so it must be with many parasitic and degraded 
animals. We are ignorant of the exciting cause of the above 
specified modifications; but if the unknown cause were to act 
almost uniformly for a length of time, we may infer that the result 
would be almost uniform ; and in this case all the individuals of 
the species would be modified in the same manner. 

From the fact of the above characters being unimportant for 
the welfare of the species, any slight variations which occurred in 
them would not have been accumulated and augmented through 
natural selection. A structure which has been developed through 
long-continued selection, when it ceases to be of service to a 
species, generally becomes variable, as we see with rudimentary 
organs ; for it will no longer be regulated by this same power of 
selection. But when, from the nature of the organism and of the 
conditions, modifications have been induced which are unim- 
portant for the welfare of the species, they may be, and apparently 
oft€p have been, transmitted in nearly the same state to numerous 
otherwise modified, descendants. It cannot have been of much 
Importance to the greater number of mammals, birds, or reptile^ 
■ithether they ^were clothed with hair, feathers, or scales ; yet hair 
lis.beeu transmitted to almost all mammals, feathers- to iirda, 
^ §ies to aSl true reptiles. A structure, whatever it H 
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wliicli is common to many allied forms, is ranked by ns as of kigb 
systematic importance, and consequently is often assumed to be 
of Mgb -vital importance to the species. Tims, as I am inclined to 
believe, morphological differences, -which wq consider as important 
— such as the arrangement of the leaves, the divisions of the 
flower or of the ovarium, the position of the ovules, &c. — first 
appeared in many cases as fluctuating variations, -which sooner or 
later became constant through the nature of the organism and of 
the surrounding conditions, as well as through the intercrossing 
of distinct individuals, but not through natural selection ; for as 
these morphological characters do not affect the welfare of the 
species, any slight deviations in them could not have been 
governed or accumulated through tliis latter agency. It is a 
strange result w^hich we tliiis arrive at, namely that characters of 
slight vital importance to the species, are the most important to 
the systematist ; but, as we shall hereafter see when we treat of 
the genetic principle of classification, this is by no means so 
paradoxical as it may at first appear. 

Although we have no good evidence of the existence in organic 
beings of an innate tendency towards progressive development, 
yet this necessarily follows, as I have attempted to show in the 
fourth chapter, through the continued action of natural selection. 
For the best definition -ftdiich has ever been given of a high 
standard of organisation, is the degree to which the parts have 
been specialised or differentiated; and natural selection tends 
towards this end, inasmuch as the parts are thus enabled to per- 
form their functions more efficiently. 

A distinguished zoologist, Mr. St. George Mivart, has recently 
collected all the objections which have ever been advanced by 
myself and others against the theory of natural selection, as pro- 
pounded by IVIr. Wallace and myself, and has illustrated them 
with admirable art and force. When thus marshalled, they make 
a formidable array; and as it forms no part of Mr. Mivart’s plan 
to give the various facts and considerations opposed to his conclu- 
sions, no slight effort of reason and memory is left to the reader, 
who may wish to -weigh the e-vidence on both sides. When dis- 
cussing special eases, Mr. Mivart passes over the effects of the 
increased use and disuse of parts, which I have always maintained 
to be highly important, and have treated in my ‘ Variation under 
Domestication’ at greater length than, as I believe, any other 
writer. He likewise often assumes that I attribute nothing to 
variation, independently of natural selection, whereas in the work 
just referred to I have collected a greater number of well- 
established cases than can be found in any other work known to 
me. My judgment may not be trustworthy, Wt after reading 
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T.itli care !\Ir. ^tlivart’s book, and comparing eacli section with 
■nhat I have said on the same head, 1 never before felt so strongly 
convinced of the general truth of the conclusions here arrived at, 
subject, of course, in so intricate a subject, to much partial error. 

Ail Hr. Mlvart’s objections 'will be, or have been, considered in 
the present volume. The one new point which appears to have 
struck many readers is, ^'that natural selection is incompetent to 
account for the incipient stages of useful structures.’' This subject 
i-j intimately connected with that of the gradation of characters, 
often accompanied by a change of function, —for instance, the 
conversion of a svum-bladder into lungs, — i^oiiits which were 
discussed in the last chapter under two headings. Nevertheless, 
I will here consider in some detail several of the cases advanced 
by !^rr. Mivart, selecting those which are the most illustrative, as 
want of space prevents me from considering all. 

The giraffe, by its lofty stature, much elongated neck, fore-legs, 
head and tongue, has its whole frame beautifully adaptted for 
browsing on the higher branches of trees. It can thus obtain food 
beyond the reach of the other Ungulata or hoofed animals 
inhabiting the same country; and this must be a great advantage 
to it during dearths. The Niata cattle in S. America show us how 
small a difference in structure may make, during such periods, a 
great difference in preserving an animaFs life. These cattle can 
browse as well as others on grass, hut from the projection of the 
lowerjaw they cannot, during the often recurrent droughts, browse 
on the Wigs of trees, reeds, &c., to •which food the common cattle 
and horses are then driven; so that at these times the Niatas 
perish, if not fed by their o-wners. Before coming to Mr, Mivart’s 
objections, it may be well to explain once again how natural 
selection will act in all ordinary cases. Man has modified some of 
his animals, without necessarily having attended to special points 
of structure, by simply preserving and breeding from the fleetest 
individuals, as "with the race-horse and greyhound, or as with the 
game-cock, by breeding from the victorious birds. So under 
nature with the nascent giraffe, the individuals which were the 
highest browsers and were able during dearths to reach even an 
inch or two above the others, will often have been preserved ; for 
they will have roamed over the whole country in search of food. 
That the individuals of the same species often differ slightly in the 
relative lengths of all their parts may be seen in many works of 
natural history, in which careful measurements are given. These 
slight proportional differences, due to the laws of growth and 
variation, are not of the slightest use or importance to most 
species. But it will have been otherwise with the nascent giraffe^ 
considering its probable habits of life; for those individuals 
which had some one part or several "csriis of their bodies rather 
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more elongated tlian xiaiial, would generally have survived. These 
will have intercrossed and left offspring, either inheriting the same 
bodily peculiarities, or with a tendency to vary again in the same 
manner; whilst the individuals, less favoured in the same respects, 
will have been the most liable to perish. 

We here see that tliere is no need to separate single pairs, as 
man does, when ho methodically improves a breed ; natural 
selection will preserve and thus separate all the superior indi- 
viduals, allowing them freely to intercross, and will destroy all 
the inferior individuals. By this process long-coiilinuecl, ’^\hieh 
exactly corresponds with what I have called unconscious selection 
by man, combined no doubt in a most imxiortant manner with the 
inherited effects of the increased use of parts, it ceeins to me 
almost certain that an ordinary hoofed quadruped might be 
converted into a giraffe. 

To this conclusion Mr. IVIivart brings forward two objections. 
One is that the increased size of the body would obviously require 
an increased supply of food, and he considers it as ‘*very problem- 
atical whether the disadvantages thence arising would not, in 
time.s of scarcity, more than counterbalance the advantages.” But 
as the giraffe does actually exist in large numbers iu S. Africa, and 
as some of the largest antelopes in the world, taller than an ox, 
abound there, why should we doubt that, as far as size is con- 
cerned, intermediate gradations could formerly have existed there, 
subjected as now to severe dearths. Assuredly the being able to 
reach, at each stage of increased size, to a supply of food, left 
untouched by the other hoofed quadrupeds of the country, would 
have been of some advantage to the nascent giraffe. Hor must we 
overlook the fact, that increased bulk would act as a protection 
against almost all bea;Bts of prey excepting the lion ; and against 
this animal, its tall neck,— and the taller the better, — would, as 
Mr. Chauncey Wright lias remarked, serve as a watch-tower. It 
is from this cause, as Sir S. Baker remarks, that no animal is more 
difficult to stalk than the giraffe. This animal also uses its long 
neck as a means of offence or defence, by violently swinging its 
head armed with stump-like horns. The preservation of each 
spwies can rarely be determined by any one iivantage, but by the 
union of all, great and small. 

Mn Mivart^ then asks (and this is his second objection), if 
natural seleclion be so potent, and if high browsing be so great 
an advantage why has not any other hoofed quadruped acquired 
a long neck and lofty stature, besides the giraffe, and, in a lesser 
degree, the camel, guanaco, and macrauchenxa t Or, again, why 
has not any memte of the group acquired a long proboscis? 
With respect to B. Africa, which was formerly inhabited by 
amnerous herds of the girtfe, the answer is not difficult, and cm 
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winch trees .;.^row, we see the lower branches trimmed or planed, 
to an exact level by the bro’A<iii:.?of the hor^'es or cattle ; and what 
advantage would it be, for ;n»ia.:.e, to sheep, it kept there, ta 
acquire sligliUy langer necks “I In every district some one kind of 
animal will almG.:.t certalniy be able to browse higher than the 
others : and it is aimost equally certain that this one kind alone 
could have its neck elongated for this purpose, through natural 
selection and the effects of lucrsased use. In 8 . Africa the com- 
]>ctitioii for browsing on the higher branches of the acacias and 
other trees must be betw'een giiutfe and giraffe, and not with the 
other ungulate animals. 

Why, in other quarters of the world, various animals belonging 
to this same order have not acquired either an elongated neck or 
a proboscis, cojinot be distinctly answered ; but it is as unreal* ui- 
able to expect a distinct answer to such a question, as wdiy sonic 
event in the history of mankind did not occur in one country, 
whilst it did in another. We are ignorant with respect to the 
conditions which determine the numbers and rauf/c of each 
species ; and w’e cannot even conjecture what changes oi structure 
w’ould be favourable to its increase in some new country. We 
caji, however, see in a general manner that various causes might 
have interfered wuth tlie development of a long neck or proboscis. 
To reach the foliage of a considerable height (without climbing, 
for wdiich hoofed animals are singularly ill-constnictcd) implies 
greatly increased bulk of bodj' ; and we know that some areas 
support singularly few large quadmi»eds, for instance S. America, 
though it is so luxuriant ; wdiilst S. Africa abounds with them to 
an unparalleled degree. Why this should ]>e so, we do not know ; 
nor why the later tertiary periods should have been much more 
favourable for their existence than the present time. Whatever 
the causes may have been, wo can see that certain districts and 
times would have been much more favourable than others for the 
development of so large a quadruped as the giraffe. 

In order that an animal should acquire some structure specially 
and largely developed, it is almost indispensable that several other 
parts should be modified and co-adapted. Although every part of 
the body varies slightly, it does not follow that the necessary parts 
should aiw'ays vary in the right direction and to the right degree. 
With the different species of our domesticatoi animals we know 
that the parts vary in a different manner and degree ; and that 
some species are much more variable than others. Even if the 
fitting variations did arise, it does not follow that natural selection 
would be able to act on themi and produce a structure which 
apparoitly would be beneficial to the species. For instance, if the 
number of individuals existing in a country Is determined 
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throngli destruction by beasts of prey, —by external or internal 
parasites, etc.,— as seems often to be the case, then natural 
selection will be able to do little, or will be greatly retarded, In 
modifying any particular structure for obtaining food. Lastly, 
natural selection is a slow xjroccss, and the same favourable con- 
ditions must long endure in order that any marked efiect should 
thus be produced. Except by assigning such general and vague 
reasons, we cannot explain why, in many quarters of the world, 
hoofed quadrupeds have not acquired much elongated necks or 
other means for browsing on the higher branches of trees. 

Objections of the same nature as the foregoing have been 
advanced by many writers- In each case various causes, besides 
the general ones just indicated, have probably interfered with the 
acquisition through natural selection of structures, 'which it is 
thought w’otild be beneficial to certain species. One writer asks, 
why has not the ostrich acquired the i^ower of flight "1 But a 
moment’s reflection \rii] sho'w what an enormous supply of food 
would be necessary to give to this bird of the desert force to move 
its huge body through the air. Oceanic islands are inhabited by 
bats and seals, but by no terrestrial mammals; yet as some of 
these bats are peculiar species, they must have long inhabited 
their present homes. Therefore Sir C. Lyell asks, and assigns 
certain reasons in answ^er, why have not seals and bats given birth 
on such islands to fonns fitted to live on the land? But seals 
would necessarily be first converted into terrestrial carnivorous 
animals of considerable size, and bats into terrestrial insectivorous 
animals; for the former there would be no prey; for the bats 
gronnd-insects would serve as food, but these would already be 
largely preyed on by the reptiles or birds, which first colonise and 
abound on most oceanic islands. Gradations of structure, with 
each stage beneficial to a changing species, will be favoured only 
under certain peculiar conditions. A strictly terrestrial animal, 
by occasionally hunting for food in shallow water, then in streams 
or lakes, might at last be converted into an animal so thoroughly 
aquatic as to brave the open ocean. But seals would not find 
on oceanic islands the conditions favourable to their gradual 
reconversion into a terrestrial form. Bats, as formerly shown, 
probably acquired their -wings by at first gliding through the air 
from tree to tree, like the so-calM flying ^uirrels, for the sake of 
escaping from their enemies, or for avoiding falls ; but when the 
power of true flight had once been acquir^ it would never be 
reconverted back, at least for the above purposes, into the less 
efficient power of gliding through the air. Bats might, indeed, 
like many birds, have had their wings greatly reduced in size, or 
completely lost, through disuse; but in this case it would be 
necessary that they ^ould first have acquired the power of 
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ranning quickly on tlie ground, by tbe aid of their hind leg^j 
alone, so as to compete ^vith birds or otliei ground animals; 
and for sueli a change a bat seems singnlarly ilbiitted. These 
fonjecmral remarks have been made merely to show that a 
transition of stnictiire, with each &tep benefielal, is a highly 
complex afiair ; and that there is nothing strange in a transition 
not having occurred in any particular case. 

Lastly, more than one writer Im asked, winy Lave some animals 
had their mental powers more highly developed than otliers, as 
such development Avould be advantageous to all ? Why have not 
apes acquired the intellectual powers of man? Various causes 
could be assigned ; but as they are conjectural, and their relative 
probability cannot be weighed, it would be useless to give them. 
A definite answer to the latter question ought not to be expected, 
seeing that no one can solve the simpler problem why, of two 
races of savages, one has risen higher in the scale of civilisation 
than the other; and this apparently implies increased brain-power. 

We will return to Mr. Mivart’s other objections. Insects often 
resemble for the sake of protection various objects, such as green 
or decayed leaves, dead twigs, 'bits of lichen, flowers, spines, 
excrement of birds, and living insects; but to this latter point I 
shall hereafter recur. The resemblance is often wonderfully close, 
and is not confined to colour, but extends to form, and even to 
the manner in which the insects hold themselves. The caterpillars 
which project motionless like dead twigs from the bushes on 
which they feed, ofl*er an excellent instance of a resemblance 
of this kind. The cases of the imitation of such objects as the 
excrement of birds, are rare and exceptional. On this head, Mr. 
Mivart remarks, “ As, according to Mr. Darwin’s theory, there is 
a constant tendency to indefinite variation, and as the minute 
incipient variations will be in all directions^ they must tend 
to neutralize each other, and at first to form such unstable 
modifications that it is difficult, if not impossible, to see how such 
indefinite oscillations of infinitesimal beginnings can ever build 
up a sufficiently appreciable resemblance to a leaf, bamboo, or 
other objeet, for Natural Selection to seize upon and^rpetuate.” 

But in all the foregoing cases the inflects in their original state 
no doubt presented some rude and accidental resemblance to an 
object commonly found in the stations frequented by them. Nor 
is this at all improbable, considering the almost infinite number 
of surrounding objects and the diversity in form and colour of 
the hosts of insects which exist. As some rude resemblance is 
necessary for the first start, we can understand how it is that the 
larger and higher anianals do not (with the exception, as far as 
I know, of one fish) ramble for the sake of protection special 
objects^ bqt only the surface which commonly suironnds them* 
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and this chiefly in colour. Assuming that an insect originally 
happened to resemble in some degree a dead twig or a decayed 
leaf, and that it varied slightly in many ways, then all tlie 
variations which rendered the insect at all more like any such 
object, and thus favoured its escape, would be preserved, -wHlst 
other variations -would bo neglected and ultimately lost; or, if 
they rendered the insect at all less like the imitated object, 
they wmid be eliminated. There would indeed be force in 3Ir. 
Mivart’s objection, if we were to attempt to account for the above 
resemblances, independently of natural selection, through mere 
fluctuating variability ; but as the case stands there is none. 

Nor can I see any force in Mr. l^Iivart s difliculty with respect 
to “the last touches of perfection in the mimicry;” as in the 
case given by ^fr. Wallaco, of a walking-stick insect (Ceroxylus 
laceratiis), wiiieh resembles “a stick grown over by a creeping 
moss or jungermanuia.” So close was this resemblance, that a 
native Byak maintained that the fffliaccoiis excrescences were 
really moss. Insects are preyed on by birds and other enemies, 
whose sight is probably sharper than ours, and every grade in 
resemblance which aided an insect to escape notice or detection, 
would tend towards its preservation; and the more x>erfect tlie 
resemblance so much the better for the insect. Considering the 
nature of the differences betw^een the species in the gi*onp wdiich 
includes the above Ceroxylus, there is nothing improbable in this 
insect having varied in the irregularities on its surface, and in 
these having become more or less green-coloured; for in every 
group the characters which differ in the several species are the 
most apt to vary, whilst the generic characters, or those common 
to all the species, are the most constant. 

The Greenland whale is one of the most wonderful animals in 
the world, and the baleen, or whale-bone, one of its greatest 
peculiarities- The baleen consists of a row, on each side, of the 
upper jaw, of about SOO plates or laminae, which stand close 
together transversely to the longer axis of the mouth. Within the 
mala row there are some subsidiary rows. The extremities and 
mxm margins of all the plates are frayed into stiff bristles, which 
elotiie the whole gigantic palate, and serve to strain or sift the 
water, and thus to secure the minute prey on which these great 
animals sulMiist The middle and longest lamina in the Greenland 
whale is tM, twelve, or even fifteen feet in length ; but in the 
different specaes of Cetaceans there are gradations in length ; the 
middle iamiim bmg in one species, according to Scoresby, four 
feet, in another three, in another eighteen inches, and in the 
Balaenoptera roetmta maly about nine inches in length. The 
quality of the whale-be^ also diiew in the different species. 
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Witli respect to tlie baleen, Mr. Mivart remarks that if it *• liail 
once attained sacli o. size and development as to be at all nsefii], 
then its preservation and augmentation within serviceable limits 
would be promoted by natural selection alone. But how to obiain 
the beginning of such useful development 1 In answer, it may 
be asked, why should not the early progenitors of the whales uith 
baleen have possessed a mouth constructed something like the 
lainellated beak of a duck ‘I Ducks, lilre whales, subsist by sifting 
the mud and water ; and the family has sometimes been called 
Cribiatores, or sifters. I hope that I may not bo misconstrued 
into saying that the progenitors of whales did actually possess 
mouths lamellated like the beak of a duck. I wish only to show 
that this is not incredible, and that the immense plates of baleen 
in the Greenland whale might have been developed from such 
lamell© by finely graduated steps, each of service to its possessor. 

The beak of a shoveller-duck (Spatula clypeata) is a more 
beautiful and complex structure than the mouth of a whale. The 
upper mandible is furnished on each side (in the specimen 
examined by me) with a row or comb formed of 188 thin, elastic 
lamell®, obliquely bevelled so as to be pointed, and placed trans- 
versely to the longer axis of the mouth. They arise from the 
palate, and are attached by flexible membrane to the sides of the 
mandible. Those standing towards the middle are the longest, 
being about one-third of an inch in length, and they project T4 
of an inch beneath the edge. At their bases there is a short 
subsidiary row of obliquely transverse lamellae. In these several 
respects they resemble the plates of baleen in the mouth of a 
whale. But towards the extremity of the beak they differ much, 
as they project inwards, instead of straight downwards- The 
entire head of the shoveller, though incomparably less bulky, is 
about one-eighteenth of the length of the head of a moderately 
large Balaenoptera rostrata, in which species the baleen is only 
nine inches long ; so that if we were to make the head of the 
shoveller as long as that of the Balaenoptera, the lamellae would 
be six inches in length, — that is, two-thirds of the length of the 
baleen in this species of whale. The lower mandible of the 
shoveller-duck is furnished with lamellae of equal length with 
those above, but finer ; and in being thus furnished it differs 
conspicuously from the lower Jaw of a wiiale, which is destitute 
of baleen. On the other hand, the extremities of these lower 
lamellae are frayed into fine bristly points, so that they thus 
curiously resemble the plates of baleen. In the genus Prion, a 
member of the distinct family of the Petrels, the upper mandible 
al<me is furnished with lamellae, which are well developed and 
privet benealhL the margin ; so that the beak of this bird i»©m- 
Wes in rids iwpeet the mouth of a whale. 
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From the highly developed structure of the shoveller’s beak we 
may proceed (as I have learnt from information and specimens 
sent to me by IMr. Salvin), without any great break, as far as 
fitness for sifting is concerned, through the beak of the Alerganetta 
armata, and in some respects through that of the Aix nponsa, to 
the beak of the common duck. In this latter species, the lameilse 
are much coarser than in the shoveller, and are firmly attached to 
the sides of the mandible ; they are only about 50 in number on 
each side, and do not project at all beneath the margin. They are 
square-topped, and arc edged Avith translucent hardish tissue, as if 
for crushing footl. The edges of the lower mandible are crossed 
by numerous fine ridges, which project very little. Although the 
beak is thus very inferior as a sifter to that of the shoveller, yet 
this bird, as every one knows, constantly uses it for this purpose. 
There are other species, as I hear from Mr. Salvin, in which the 
lamellm are considerably less developed than in the common 
duck ; but I do not know whether they use their beaks for sifting 
the water. 

Turning to another group of the same family. In the Egyptian 
goose (Chenalopex) the beak closely resembles that of the common 
duck ; but the lamellm are not so numerous, nor so distinct from 
each other, nor do they project so much inwards ; yet this goose, 
as I am informed by Mr. E. Bartlett, “uses its bill like a duck by 
throwing the waters out at the corners.” Its chief food, however, 
is grass, which it crops like the common goose. In this latter bird, 
the lameilse of the upper mandible are much coarser than in the 
common duck, almost confluent, about 27 in number on each side, 
and terminating upwards in teeth-like knobs. The palate is also 
covered with hard rounded knobs. The edges of the lower 
mandible are serrated with teeth much more prominent, coarser, 
and sharper than in the duck. The common goose does not sift 
the water, but uses its beak exclusively for tearing or cutting 
herbage, for which purpose it is so well fitted, that it can crop 
grass closer than almost any other animal. There are other 
species of geese, as I hear from Mr. Bartlett, in which the lameilse 
are less developed than in the common goose. 

We thus see that a member of the duck family, with a beak 
constructed like that of the common goose and adapted solely for 
grazing, or even a member with a beak having less well-developed 
lamellae, i^ht be converted by small changes into a species like 
the Egyptian goose,— this into one like the common duck,— and, 
lastly, into one like the shoveller, provided with a beak almost 
exclusively adapted for sifting the water,* for this bird could 
hardly use any pari of its beak, except the hooked tip, for seizing 
or tearing solid food. The beak of a goose, as I may add, might 
also be converted by small changes into one provided with 
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promineiit, recurTed teetli, like those of the Merganser (a menilier 
of the same family), serving for the widely different purpose of 
securing live fish, 

Eetnrning to the whales. The Hyperoodon bidens is destitute 
of true teeili in an efficient condition, but its palate is roughened, 
according to Lacepede, with small, unequal, hard points of horn. 
There is, therefore, nothing improbable in supposing that some 
early Cetacean fonn w'as provid^ with similar points of horn on 
the palate, but rather more regularly placed, and which, like the 
knobs on the beak of the goose, aided it in seizing or tearing its 
food. If so, it will hardly be denied that the points might have 
been converted tlirough variation and natural selection into lamellie 
as well -developed as those of the Egyptian goose, in W'hich case 
they would have been used both for seizing objects and for sifting 
the wnter ; then into lamellm like those of the domestic duck ; and 
so onwards, until they became as well constructed as those of the 
shoveller, in which case they w^ould have served exclusively as a 
sifting axjparatus. From tMs stage, in wdiich the lamelhe would 
be two-thirds of the length of the plates of baleen in the Balas- 
noptera rosfcrata, gradations, which maybe observed in still-existing 
Cetaceans, lead us onwards to the enormous plates of baleen in 
the Greenland w^hale. Nor is there the least reason to doubt that 
each step in this scale might have been as serviceable to certain 
ancient Cetaceans, with the functions of the parts slowiy changing 
during the progress of development, as are the gradations in the 
beaks of the different existing members of the duck-family. We 
should bear in mind that each species of duck is subjected to a 
severe struggle for existence, and that the structure of every part 
of its frame must be well adapted to its conditions of life. 

The PleuronectidiB, or Flat-fish, are remarkable for their asym* 
metrical bodies. They rest on one side, — ^in the greater number 
of species on the left, but in some on the right side; and occa- 
sionally reversed adult specimens occur. The lower, or resting- 
surface, resembles at first sight the ventral surface of an ordinary 
fish : it is of a white colour, less developed in many ways than the 
upper side, with the lateral fins often of smaller size. But the 
©yes offer the most remarkable peculiarity; for they are both 
placed on the upper side of the head. During early youth, how- 
ever, they stand opposite to each other, and the whole body is 
then symmetrical, with both sides equally coloured. Soou the eye 
proper to the lower side begins to glide riowly round the head to 
the upper side ; but does not pass right through the skuU, as was 
formerly thought to be the casa It is obvious that unless the 
lower eye did thus travel round, it .could not be used by the fish 
wHIst lying in its habitual position on one side. The lower eye 
woui^ also, have been liabl© to be abraded by the sandy bottom* 
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That the Heuronectida^ aro admirably adapted by tlieir flattened 
and asymmetrical structure for their habits of life, is manifest 
from sG¥erai species, such as soles, flounders, <&c., being extremely 
(‘ommcwi. The eliief advantages thus gained seem to be protection 
from their enemies, and facility for feeding on the ground. The 
different members, however, of the family present, as Schibdte 
remarks, ** a long series of forms exhibiting a gradual transition 
from Hippoglossiis pingnis, w’hich does not in any considerable 
degree alter llie shape in which it leaves the ovum, to the soles, 
•.vhich arc entirely thiwra to one side.” 

]\fivart has taken up this case, and remarks that a sudden 
spontaneems transformation in the ijosition of the eyes is hardly 
conceivable, in which I quite agree v.dth him. lie then a^Ids : "‘if 
the transit -was gradual, then how such transit of one eye a minute 
fraction of the journey towards the other side of the head could 
beneflt tlm individual is, indeed, far from clear. It seems, even, 
that sucli an incixjient transformation must ratlier have been 
injurious.” But he might have found an answer to this objection 
In the excellent observations imblished in 1867 by Malm. The 
Ifleuroncctitlie, whilst veiy young and still symmetrical, with their 
eyes standing on opp<vsite sides of the head, cannot long retain a 
vertical position, owing to the excessive de})th of their bodies, the 
small size of their lateral fins, and to their being destitute of a 
swimbladder. Hence soon growing tired, they fall to the bottom 
on one side. Whilst thus at rest they often twist, as Malm 
observed, the lower eye upwards, to see above them ; and they do 
this so vigorously that the eye is pressed hard against the upper 
jmrt of the orbit. The forehead betw’een the eyes consequently 
becomes, as could be plainly seen, temporarily contracted in 
breadth. On one occasion Malm saw a young fish raise and 
depress the lower eye through an angular distance of about seventy 
degrees. 

^ We should remember that the skull at tliis early age is cartila- 
ginous and flexible, so Hiat it readily yields to muscular action. 
It is also knomi with the higher animals, even after early youth, 
that the skull yields and is altered in shape, if the skin or muscles 
b©^ permanently contracted through disease or some accident. 
With long-eared rabbits, if one ear lops forwards and dowmwards, 
ite weight drags forward all the bones of the skull on the same 
si4% of which I have given a figure. Malm states that the newly- 
hatched young of perches, salmon, and several other symmetrical 
fishes, have the habit of occasionally resting on one side at the 
bottom; and he has observed that they often then strain their 
lower ©yes so as to look upwards; and their skulls are thus 
rendered rath^ ciooked. These fishes, however, are soon able to 
hold themselvee in a wtical petition, and no permanent effect is 
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tidiri p^’odujed. Tfitli tlie Plenronecddcj, on tlie other iiand, tlie 
older they yiv.^v t]ie more liabiiiially they rest on one side, o^nn" 
10 the iiicroashig hatiiess of Llieir bodies, and a permanent effect is 
thus produced on the ionix of the lieod, and on the position of the 
eyes. JuJ.i'ing iroin analogy, the tendency to distortion would no 
doubt be increased through the principle of inheritance. Scliiudte 
] elieves, in o]>x;osit:un to some other naturalists, that the Pleuro- 
ntctidio arc not loiite symmetrical even in the embryo; and if this 
Lo so, we could iindcr»tand how it is that certain sjjecies, whilst 
yoang, liauitually fall over and rest on the left side, and other 
species on the right side. Malm adds, in confirmation of the abo\G 
view, tliat tliG adult Trachypterus arcticus, which is not a member 
of tlic Pleuronectidte, icsts on its left side at the bottom, and swims 
(licgonally through the wuter ; and in this fish, the two sides of 
The liead are said to be somewhat dissimilar. Our great authority 
on Fishes, Dr. Giinlher, concludes his abstract of Malm’s paper, by 
remarking that “ the author gives a very simple explanation of the 
uhnormal condition of the Pieuronectoids.” 

M’e thus see that the first stages of the transit of the eye from 
one side of the head to the other, which ]\Ir. Mivart considers 
would bo injurious, may be attributed to the habit, no doubt 
beneficial to the individual and to the species, of endeavouring 
to look upwards with both eyes, ^whilst resting on one side at the 
bottom, IVe may also attribute to the inherited effects of use the 
fact of the mouth in several kinds of fiat-fish being bent tow^ards 
the lower surface, with the jaw bones stronger and more effective 
on this, the eyeless side of the head, than on the other, for the 
sake, as Dr. Traquair supposes, of feeding with ease on the ground. 
Disuse, on the other hand, will account for the less developed con- 
dition of the whole inferior half of the body, including the lateral 
fins ; though Yarroll thinks that the reduced size of these fins is 
advantageous to the fish, as ‘‘ there is so much less room for their 
action, than with the larger fins above.” Perhaps the lesser 
number of teeth in the proportion of four to seven in the upper 
halves of the two jaws of the plaice, to twenty-five to thirty in the 
lower lialves, may likewise be accounted for by disuse. From the 
colourless state of the ventral surface of most fishes and of many 
other animals, we may reasonably suppose that the absence of 
colour in flat-fish on the side, whether it be the right or left^ 
which is undermost, is due to the exclusion of light. But it can- 
not be supposed that the peculiar speckled appearance of the upper 
side of the sole, so like the sandy bed of the sea, or the power in 
some species, as recently shown by Pouchet, of changing their 
colotir m .accordance with the surrounding surface, or the presence 
of hony tubercles on the upper side of the turboi^ are due fo th^ 
tetion 'Of th® light, Here natural selection has probably, come into 
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play, as well as in adapting tlie general shape of the body of these 
fishes, and many other peculiarities, to their habits of life. We 
should keep in mind, as I have before insisted, that the inherited 
effects of the increased use of parts, and perhaps of their disuse, 
will be strengt-hened by natural selection. For all spontaneous 
variations in the right direction will thus be preserved ; as will 
&ose individuals which inherit in the highest degree the effects 
of the increased and beneficial use of any part. How much to 
attribute in each particular case to the effects of use, and how 
much to natural selection, it seems impossible to decide. 

I may give another instance of a structure which apparently 
owes its origin exclusively to use or habit. The extremity of the 
tail in some American monkeys has been converted into a wonder- 
fully perfect prehensile organ, and serves as a fifth hand. A 
reviewer who agrees with Mr. Mivart in every detail, remarks on 
this structure : “ It is impossible to believe that in any number of 
ages the first slight incipient tendency to grasp could preserve the 
lives of the individuals possessing it, or favour their chance of 
having and of rearing offspring.” But there is no necessity for 
any such belief. Habit, and this almost implies that some benefit 
great or small is thus derived, would in all probability suffice for 
the work. Brehm saw the young of an African monkey (Cercopi- 
thecus) clinging to the under surface of their mother by their 
hands, and at the same time they hooked their little tails round 
that of their mother. Professor Henslow kept in confinement 
some harvest mice (Mus messorius) which do not possess a struc- 
turally prehensile tail; but he frequently observed that they 
curled their tails round the branches of a bush placed in the cage, 
and thus aided themselves in climbing. I have received an 
analogous account from Dr. Gixnther, who has seen a mouse thus 
suspend itself. If the harvest mouse had been more strictly 
arboreal, it would perhaps have had its tail rendered structurally 
prehensile, as is the case with some members of the same order. 
Why Gercopithecus, considering its habits whilst young, has not 
become thus provided, it would he difficult to say. It is, however, 
possible that the long tail of this monkey may be of more service 
to it as a balancing organ in making its prodigious leaps, than as 
a prehensile organ. 

The mammary glands are common to the whole class of mam- 
mals, and are indispensable for their existence ; they must, there- 
fore, have been developed at an extremely remote period, and we 
can know nothing positively about their manner of development. 
Mr. Mivart asks : *‘Is it conceivable that the young of any animal 
was ever saved from destruction by accidentally sucking a drop 
of scarcely nutritious fluid from an accidentally hypertrophied 
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fiitaiieoiis gland of its mother^ And even if one vrai sr,, 
chance was there of the perpetuation of such a variation?” But 
the case is not here put fairly. It is admitted ]}y mo'^t evolu- 
tionists that mammals are descended from a marsupial form; 
and if so, the mammary glands will have been at first developed 
within the marsupial sack. In the case of the ^.sh (Hippocampus) 
I he eggs are hatched, and the young are reared for a time, within 
a sack of this nature ; and an American naturalist, Mr. Lockwood, 
I >edieves from what he has seen of the develoimient of the young, 
that they are nourished by a secretion from the cutaneous glands 
ct the sack. Kow with the early x^rogemtors of mammals, almost 
before they deserved to be thus designated, is it not at least 
possible that the young might have been similarly nourished f 
^Vnd in this case, the individuals which secreted a fluid, in some 
degree or manner the most nutritious, so as to partake of the 
nature of milk, would in the long run have reared a larger 
number of ■well-nourished oflfepring, than would the individuals 
which secreted a poorer fluid; and thus the cutaneous glands, 
which are the homologues of the mammary glands, would have 
been imj)roved or rendered more effective. It accords with the 
widely extended principle of specialisation, that the glands over 
a certain space of the sack should have become more liighly 
developed than the remainder ; and they w’ould then have formed 
a breast, but at first vflthout a nipifle, as we see in the Ornitho- 
rhyncus, at the base of the mammalian series. Through what 
agency the glands over a certain space became more highly 
specialised than the others, I mil not x^retend to decide, whether 
in x>art through compensation of growth, the effects of use, or of 
natural selection. 

The development of the mammary glands would have been of 
no service, and could not have been effected through natural 
selection, unless the young at the same time were able to xmrtake 
of the secretion. There is no greater difficulty in understanding 
how young mammals have instinctively learnt to suck the breast, 
than in undemtanding how unhatched chickens have learnt to 
break the egg-shell by tapping against it with their specially 
adapted beaks ; or how a few hours after leaving the shell they 
have learnt to pick up grains of food. In such cases the most 
probable solution seems to be, that the habit was at flrst acquired 
by practice at a more advanced age, and afterwards transmitted 
to the offspring at an earlier age. But the young kangaroo is 
said not to suck, only to cling to the nipple of its mother, who 
has the power of injecting milk into the mouth of her helifless, 
half-formed offspring. On this head Mr, Mivart remarks : “Hid 
no special provision exist, the young one must infallibly be choked 
by the intrusion of the milk into the windpipe. But there is a 
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special provision. The larynx is so elongated that it rises up into 
the posterior end of the nasal passage, and is thus enabled to 
give free entrance to the air for the lungs, while the millc passes 
harmlessly on each side of this elongated larynx, and so safely 
attains the gullet behind it.” Mr. j^Iivart then asks how did 
natural selection remove in the aduk kangaroo (and in most 
other maiunials, on the assumption that they are descended from 
a marsupial form), “ this at least perfectly innocent and harmless 
structure?” It may be suggested in answer that the voice, which 
is certainly of high importance to many animals, could hardly have 
been used with full force as long as the larynx entered the nasal 
passage; and Professor Flow'er has suggested to me that this 
stnieture would have greatly interfered with an animal sw^allowing 
solid food. 

We will no-vv turn for a short space to the lower divisions of 
the animal kingdom, Ilie Echinodermata (star-fishes, sea-urchins, 
Ac.) are furnished with remarkable organs, called pedicel larise, 
which consist, when ■well developed, of a tridactyle forceps — that 
is, of one formed of three serrated arms, neatly fitting together 
and placed on the summit of a flexible stem, moved by muscles. 
These forceps can seize firmly hold of any object ; and Alexander 
Agassiz has seen an Echinus or sea-urchin rapidly passing par- 
ticles of excrement from forceps to forceps down certain lines of 
its body, in order that its shell should not be fouled. But there 
is no doubt that besides removing dirt of all kinds, they subserve 
otlier functions ; and one of these apparently is defence. 

With respect to these organs, Mr. Mivai't, as on so many 
previous occasions, asks : ‘‘ What would be the utility of the 
first rmUmmtarfj beginnings of such structures, and how could 
such incipient buddings have ever preserved the life of a single 
Echinus ? ” He adds, “ not even the sudden development of the 
snapping action could have been beneficial without the freely 
movealfie stalk, nor could the latter have been efficient without 
the snapping jaws, yet no minute merely indefinite variations 
could simultaneously evolve these complex co-ordinations of 
structure; to deny this seems to do no less than to affirm a 
startling paradox.” Paradoxical as this may appear to Mr. 
Mivart, tridactyle forcepses, immovably fixed at the base, but 
capable of a snapping action, certainly exist on some star-fishes ; 
and tMs is intelligible if they serve, at least in part, as a means 
of defence. Mr. i^assiz, to whose great kindness I am indebted 
for much information on the subject, informs me that there are 
other star”fi.shes, in which one of the three arms of the forceps is 
reduced to a support for the other two ; and again, other genera 
in which the third arm is completely lost. In Echinoneus, the 
shell is described by Pemer as bearing two kinds of pedin 
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oellari.©, one re^embiiiig those of EcMnus, and the other those of 
Spatangii'i ; and siicli cases are alwaj’^s interesting as affording 
the means of apparently sudden transitions, through the abortion 
of one of the tn*o states of an organ. 

With respect to the steps by which these curious organs have 
been evolved, Mr. Agassiz infers from his own researches and 
those of hliiller, that both in star-fishes and sea-urchins the 
pedieedari® must undoubtedly be looked at as modified spines. 
This may be inferred from their inanner of development in the 
individual, as well as from a long and fyerfect series of gradations 
in different species and genera, from simple granules to ordi)iary 
spines, to perfect trklactyle pedicellarise^. The gradation extends 
even to tlie manner in which ordinary spines and the pedicellari?e 
with their supporting calcareous rods are articulated to the shell. 
In certain genera of star-fishes, ‘*tlie very combinations needed 
to show that the pedicellarite are only modified branching spines ” 
may be found. Thus we have fixed spines, with three equi- 
distant, serrated, moveable branches, articulated to near their 
bases : and higher up, on the same spine, three other moveable 
branches. How when the latter arise from the summit of a spine 
they fonn in fact a rude tridactyle pediceliaria, and sucii may be 
seen on the same spine together wth the three lower branches. 
In this case the identity in nature between the arms of the peili- 
cellarijB and the moveable breanches of a spine, is unmistakable. 
It is generally admitted that the ordinary spines serve as a 
protection ; and if so, there can be no reason to doubt that those 
furnished vith serrated and moveable branches likewise serve 
for the same purpose ; and they would thus serve still more 
effectively as soon as by meeting together they acted as a pre- 
hensile or snapping apparatus. Thus eveiy gradation, from an 
ordinaiy fixed spine to a fixed pediceliaria, would be of service. 

In certain genera of star-fishes these organs, instead of being 
fixed or borne on an immovable support, are placed on the 
summit of a flexible and muscular, though short, stem ; and in 
this case they probably subserve some additional function besides 
defence. In the sea-urchins the steps can be followed by which a 
fixed spine becomes articulated to the shell, and is thus rendered 
moveable. I wish I had space here to give a fuller abstract of Mr. 
Agassiz’s interesting observations on the development of the pedi« 
ceUariae. All possible gradations, as he adds, may likewise be 
found between the pedicellarise of the star-fishes and the hooks 
of the Ophiurians, another group of the EcMnodermata ; and 
again between the pedioellarke of sea-urchins and the anchors of 
the Hblothuriee, also belonging to the same great class. 

Qmiim compound animals, or zoophytes as they JaT# ^been 
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termed, namely tlie Polyzoa, are j)rovided ■Rdtli curious organs 
called avicnlaria. These differ much in structure in the different 
species. In their most perfect condition, they curiously resemble 
the head and beak of a vulture in miniature, seated on a neck and 
capable of movement, as is likewise the lower jaw or mandible. 
In one si^ecies observed by me all the aviciilaria on the same 
branch often moved simultaneously backwards and forwards, 
with the lower jaw widely open, through an angle of about 90°, 
in the course of five seconds ; and their movement caused the 
whole polyzoary to tremble. "When the jaws are touched with (I 
needle they seize it so firmly that the branch can thus be 
shaken. 

^fr. Mivart adduces this case, chiefly on account of the supposed 
diificulty of organs, namely the avicularia of the Polyzoa and the 
pedicellariie of the Eehinodermata, which he considers as “ essen- 
tially similar,'* having been develoiied through natural selection 
in %videly distinct divisions of the animal kingdom. But, as far 
as structure is concerned, I can see no similarity between tridac- 
tyle pedicel] arim and avicularia. The latter resemble somewhat 
more closely the chelae or pincers of Crustaceans ; and Sir. Mivart 
might have adduced wdth equal appropriateness this resemblance 
as a special diificulty ; or even their resemblance to the head and 
beak of a bird. The avicularia are believed by 2vlr. Busk, Dr. 
Smitt, and Dr, Nitsche— naturalists who have carefully studied 
this group — to be homologous with the zooids and their cells 
which compose the zoophyte ; the moveable lip or lid of the ceil 
corresponding with the lower and moveable mandible of the 
aviculariiim. Mr. Busk, however, does not know of any gradations 
now existing between a zooid and an avicularium. It is therefore 
impossible to conjecture by what serviceable gradations the one 
could have been converted into the other ; but it by no means 
follows from this that such gradations have not existed. 

As the chelae of Crustaceans resemble in some degree the 
avicularia of Polyzoa, both serving as pincers, it may be worth 
while to show that ’with the former a long series of serviceable 
gradations still exists. In the first and simplest stage, the 
terminal segment of a limb shuts down either on the square 
summit of the broad penultimate segment, or against one whole 
side ; and is thus enabled to catch hold of an object ; but the 
limb still serves as an organ of locomotion. We next find one 
comer of the broad penultimate segment slightly prominent, 
sometimes furnished with irregular teeth ; and against these the 
terminal segment shuts down. By an increase in the size of this 
projection, with its shape, as well as that of the terminal segment, 
slightly modified and improved, the pincers are rendered more 
and more perfect, until we hm^ at last an instrament as efficient 
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as the cheljE of a lobster ; and all these gradations can be actually 

traced. 

Besides tlie a^dciilaria, the Polyzoa possess curious organs called 
vibracula. These generally consist of long bristles, capable oi 
movement and easily excited. In one species examined by me the 
vibracula were slightly curved and serrated along the outer 
margin ; and ail of them on the same polyzoary often movetl 
simultaneously ; so that, acting like long oars, they swept a branch 
rajiidly across the object-glass of my microscope. A^Tien a branch 
was placed on its face, the vibracula became entangled, and they 
made violent efibrts to free themselves. They are supposed to 
serve as a defence, and may be seen, as Mr. Busk remarks, “ to 
sweej) slowly and carefully over the surface of the polyzoary, 
removing what might be noxious to the delicate inhabitants of 
the ceils when their tentacula are protruded.” The avicularia, 
like the vibracula, probably serve for defence, but they also catch 
and kill small living animals, which it is believed are afterwards 
swept by the currents within reach of the tentacula of the zooids. 
Some species are provided with avicularia and vibracula; some 
with avicularia alone, and a few with vibracula alone. 

It is not easy to imagine two objects more widely different in 
appearance than a bristle or vibraculum, and an avicularium like 
the head of a bird ; yet they are almost certainly homologous and 
have been developed from the same common source, namely a 
zooid with its cell. Hence we can understand how it is that these 
organs graduate in some cases, as I am informed by Mr. Busk, 
into each other. Thus with the avicularia of several species of 
Lepralia, the moveable mandible is so much produced and is so 
like a bristle, that the presence of the upper or fixed beak alone 
serves to determine its avicularian nature. The vibracula may 
have been directly developed from the lips of the cells, without 
having passed through the avicularian stage ; but it seems more 
probable that they have passed through this stage, os during the 
early stages of the transformation, the other parts of the cell with 
the included zooid could hardly have disappeared at once. In 
many cases the vibracula have a grooved support at the base, 
which seems to represent the fixed beak ; though this support in 
some species is quite absent. This view of the development of the 
vibracula, if trustworthy, is interesting ; for supposing that all the 
species provided with avicularia had become extinct, no one with 
the most vivid imagination would ever have thought that the 
vibracula had originally existed as part of an organ, resembling a 
bird’s head or an irregular box or hood. It is interesting to see 
two such widely different organs developed from a common origin j 
and as the moveable lip of the cell serves as a protection to the 
isooid, there is no difficultv in believin®' that all the gradations, bf 
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which the lip became converted first into the lower mandible of an 
avicnlariuni and then into an elongated bristle, likewise served as 
a protection in different ways and under different circumstances. 

In the vegetable kingdom Mr. Mivart only alludes to two cases, 
namely the structure of the liowers of orchids, and the movements 
of climbing x)lants. With respect to the former, he says, ‘Hlie 
explanation of tlieir orm/wi is deemed throughly unsatisfactory— 
utterly insufiicionl to explain the incipient, infinitesimal begin- 
nings of structures which are of utility only when they are 
considerably developed.” As 1 have fully treated this sulrject in 
another work, I will here give only a few details on one alone of 
the most striking peculiarities of the flowers of orchids, namely 
their pollinia. A poiliuiiini when highly developed consists of a 
mass of ])olleii-grains, ariixed to an elastic foot-stalk or caudicle, 
and this to a little mass of extremely viscid matter. The pollinia 
are by tliis means transported by insects from one er to the 
stigma of another. In some orchids there is no caudicle to the 
pollen-masses, and tiie gi-ains are merely tied together by fine 
threads ; but as tliese are not confined to orchids, they need not 
here be considered ; yet I may mention that at the base of the 
orchidaceous series, in Cypripeuium, we can sec how the tlireads 
were probably first develo]>e(l. In other orchids tlic threads 
cohere at one end of the pollen-masses ; and this forms the first 
or nascent trace of a caudicle. That this is the origin of the 
c'audicle, even when of considerable length and highly developed, 
we have good evidence in the aborted pollen-grains which can some- 
times be detected embedded within the central and solid parts. 

With respect to the second chief peculiarity, namely the little 
mass of viscid matter attached to the end of the caudicle, a long 
series of gradations can be specified, each of plain service to the 
plant. In most flowers belonging to other orders the stigma 
secretes a little viscid matter. Now in certain orchids similar 
viscid matter is secreted, but in much larger quantities by one 
alone of the three stigmas ; and this stigma, perhaps in conse- 
quence of the copious secretion, is rendered sterile. When an 
insect visits a flower of this kind, it rubs off some of the viscid 
BAtter and thus at the same time dra^ away some of the pollen- 
grains. From this simple condition, which differs but little from 
that of a multitude of common flowers, there are endless 
gradations, — to species in which the pollen-mass terminates in 
a very short,, free caudicle, — to others in which the caudicle 
becomes^ firmly attached to the viscid matter, with the sterile 
stigma itself much modified. In this latter case we have a 
poliinium in its most highly develop^ and perfect condition. He 
who will carefully ©xamipe the fliowets of orchids for himself wili 
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not deny tlio existence of the above series of gradations — from a 
mass of pollen-grains merely tied together by threads, with the 
stigma diiiering but little from that of an ordinary flower, to a 
highly complex poliiiiiuni, admirably adapted for transportal by 
insects ; nor will he deny that all the gradations in the several 
species are admirably adapted in relation to the general structure 
of each flower for its fertilisation by different insects. In this, and 
in almost every other case, the eiiquirj^ may be pushed further 
backwards ; and it maj’- be asked how did the stigma of an 
ordinary flower become viscid, but as we do not know the full 
history of any one group of beings, it is as useless to ask, as it is 
hopeless to attGmx>t answering, such questions. 

We will now turn to climbing plants. These can be arranged 
in a long series, from those which simply twine round a support, 
to those which I have called leaf-climbers, and to those provided 
with tendrils. In these two latter classes the stems have generally, 
but not always, lost the power of twining, though they retain the 
power of revolving, wliich the tendrils likewise possess. The 
gradations from leaf-climbers to tendril-bearers are wonderfully 
close, and certain plants may be indifferently placed in either 
class. But in ascending the series from simple twiners to leaf- 
climbers, an important quality is added, namely sensitiveness to 
a touch, by wliieh means the foot-stalks of the leaves or flowers, 
or these modified and converted into tendrils, are excited to bend 
round and clasp the touching object. He who will read my 
memoir on these plants will, I think, admit that all the many 
gradations in function and structure between simple twiners and 
tendril-bearers are in each case beneficial in a bigh degree to the 
species. For instance, it is clearly a great advantage to a twining 
plant to become a leaf -climber ; and it is probable that every 
twiner which possessed leaves with long foot-stalks would have 
been developed into a leaf-climber, if the foot-stalks had 
possessed in any slight degree the requisite sensitiveness to 
a touch. 

As tvining is the simplest means of ascending a support, and 
forms the basis of our series, it may naturally be asked how did 
plants acquire this power in an incipient degree, afterwards to be 
improved and increased through natural selection. The power of 
twining depends, firstly, on the stems whilst young b'-ing ex- 
tremely flexible (but this is a character common to many plants 
which are not climbers); and^ secondly, on their continually 
bending to all points of the compass, one after the other in 
su&ession, in the same order. By this movement the stems are 
ipidfined to all sides, and are made to move round and round. As 
Stet m the lo^er part of a stem strikes a^inst any object aaii is 
Stopped, the upper part still goes on bending and rey«vfeg, airf 
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thus necessarily twines round and up tiie support. The revolving 
movement ceases after the early growth of each shoot. As in 
many widely separated families of plants, single species and 
single genera possess the power of revolving, and have thus 
become twuners, they must have independently acquired it, and 
cannot have inherited it from a common progenitor. Hence I wa.s 
led to prcilier that some slight tendency to a movement of this 
kind would be found to be far from uncommon with jilants which 
did not climb ,* and that this had afforded the basis for natural 
selection to work on and improve. When 1 made this prediction, 
I knew of only one imperfect case, namely of the young liower-* 
peduncles of a Maurandia wdiich revolved slightly and irregularly, 
like the stems of twining plants, but without making any use of 
this habit. Soon afterwards Fritz IMiiller discovered that the 
young stems of an ^Vlisina and of a Liniim, — plants wdiich do not 
climb and are widely separated in the natural system, — revolved 
plainly, though irregularly , and he states that he has reason to 
suspect that this occurs with some other plants. These slight 
movements appear to be of no service to the plants in question ; 
anyhow, they are not of the least use in the way of climbing, 
which is the point that concerns us. Nevertheless we can see that 
if the stems of these plants had been flexible, and if under the con- 
ditions to which they are exposed it had profited them to ascend 
to a height, then the habit of slightly and irregularly revolving 
might have been increased and utilised through natural selection, 
until they had become convertedinto well-developed twiningspecies. 

With respect to the sensitiveness of the foot-stalks of the leaves 
and flowers, and of tendrils, nearly the same remarks are applicable 
as in the case of the revolving movements of twining plants. As 
a vast number of species, belonging to widely distinct groups, are 
endowed with this kind of sensitiveness, it ought to be found in 
a nascent condition in many plants which have not become 
climbers. This is the case: I observed that the young flower- 
peduncles of the above Maurandia curved themselves a little 
towards the side which was touched. Morren found in several 
species of Oxalis that the leaves and their foot-stalks moved, 
especially after exposure to a hot sun, when they were gently and 
repeatedly touched, or when the plant was shaken. I repeated 
these observations on some other species of Oxalis with the same 
result; in some of them the movement was distinct, but was best 
seen in the young leaves ; in others it was extremely slight. It is 
a more important fact that according to the high authority of 
Hofmeister, the young shoots and leaves of all plants move after 
being shaken ; and with climbing plants it is, as we know, only 
during the early stages of grerwth that the foot-stalks and tendrils 
are sensitive. 
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It is scarcely possible that the above slight movements, cric to 
a touch or shake, in the young and growing organs of plants, can 
be of any functional importance to them. But plants possess, in 
obedience to %^arious stimuli, i>ov»ers of niovement, -wliicli are ri 
manifest importance to them; for instance, towards and more 
rarely irom the light. — in opposition to, and more rarely in the 
direction of, the attraction of giuvity. lATien the nerves and 
muscles of an animal are excited by galvanism or by the absorp- 
tion of strychnine, the consequent movements may be called an 
Incidental result, for the nerves and muscles have not been 
rendered specially sensitive to these stimuli. So with plants it 
appears that, from having the x>ower of movement in obedience to 
certain stimuli, they are excited in an incidental manner by a 
touch, or by being shaken. Hence there is no great difficulty in 
admitting that in the case of leaf-climbers and tendril-bearers, it 
is this tendency which has been taken advantage of and increased 
through natural selection. It is, however, probable, from reasons 
which I have assigned in my memoir, that this will have occurred 
only with plants which had already acquired the power of revolving, 
and had thus become twiners. 

I have already endeavoured to explain how plants became 
twiners, namely, by the increase of a tendency to slight and 
irregular revolving movements, which w'ere at first of no use to 
them; this niovement, as well as that due to a touch or shake, 
being the incidental result of the power of moving, gained for 
other and beneficial purposes. Whether, during the gradual 
development of climbing plants, natural selection has been aided 
by the inherited effects of use, I will not pretend to decide ; but 
we know that certain periodical movements, for instance the 
so-called sleep of plants, are governed by habit. 

I have now considered enough, perhaps more than enough, of 
the cases, selected with care by a skilful naturalist, to prove that 
natural selection is incompetent to account for the incipient 
stages of useful structures; and I have showm, as I hope, that 
there is no great difficulty on this head. A good opportunity has 
thus been afforded for enlarging a little on gradations of structure, 
often associated with changed functions, — an important subject, 
which was not treated at sufficient length in the former editions 
of this work. I will now briefly recapitulate the foregoing cases. 

With the giraffe, the continued preservation of the individuals 
of some extinct high-reaching ruminant, which had the longest 
necks, legs, &c., and could browse a little above the average 
height, and the continued destruction of those which could not 
browse so high, would have sufficed for the production of this 
remarkable quadruped; but the prolonged use of all the i»rta 
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together with inheritance will have aided in an important manner 
ill their co-ordination. With the many insects which imitate 
various objects, there is no improbability in the belief that an 
accidental resemblance to some common object was in each case 
the foundation for the w’ork of natural selection, since perfected 
through the occasional preservation of slight variations which 
made the resemblance at all closer; and this will have been 
carried on as long as the insect continued to vary, and as long as 
a more and more perfect resemblance led to its escape from sharp- 
sighted enemies. In certain species of whales there is a tendency 
to the formation of irregular little points of horn on the palate ; 
and it seems to be quite uithin the scope of natural selection to 
preserve all favourable variations, until the points were converted 
first into lamellated knobs or teeth, like those on the beak of a 
goose, — then into short lamelUe, like those of the domestic ducks, 
— and then into laniellm, as perfect as those of the slioveller-duck, 
— and finally into the gigantic plates of baleen, as in the mouth 
of the Greenland whale. In the family of the ducks, the lamelljB 
are first used as teeth, then partly as teeth and partly as a sifting 
apparatus, and at last almost exclusively for this latter purpose. 

With such structures as the above lamellce of horn or whalebone, 
habit or use can have done little or nothing, as far as we can 
Judge, towards their development. On the other hand, the trans- 
portal of the lower eye of a fiat-fish to the upper side of the head, 
and the formation of a prehensile tail, may be attributed almost 
wholly to continued use, together with inheritance. With respect 
to the mammse of the higher animals, the most probable conjecture 
is that primordially the cutaneous glands over the whole surface 
of a marsupial sack secreted a nutritious fluid; and that these 
glands were improved in function through natural selection, and 
concentrated into a confined area, in which case they would have 
formed a mamma. There is no more difficulty in understanding 
how the branched spines of some ancient Echinoderm, which 
served as a defence, became developed through natural selection 
into tridactyie pedicellariae, than in understanding the develop- 
ment of the pincers of crustaceans, through slight, serviceable 
modifications in the ultimate and penultimate segments of a limb, 
which was at first used solely for locomotion. In the avicularia 
ajid vibracula of the Polyzoa we have organs widely different in 
appearance developed from the same source; and with the 
vibracula we can understand how the successive gradations might 
have been of service. "With the pollinia of orchids, the threads 
which originally served to tie together the pollen-grains, can be 
traced cohering into caudicles; and the steps can likewise be 
followed by which visad' matter, such as tl^t secreted by the 
stigmas of ordinary still subserving nearly but not 
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quite tlie sawe purpose, became atlaelied to tlie iVee entU oi tlie 
caiidicles; — all the^e gradations being of iiianifest benefiL to tLe 
plants in question. Witii respect to climbing plants, I need not 
re]jeat wliat lias been so lately said. 

It Las often been asked, if natural selection be so potent, wliy 
lias not tliis or that structure been gained by certain species, to 
wliieli it would apparently ba.ve been advauxtageous'? But it is 
unreasonable to expect a precise answer to siicii questions, con- 
sidering our ignorance of the past history of each sperie«, and of 
the conditions which at the present day determine its numbers 
and range. In most case.s only general reasons, but in some few 
cases special reasons, can be assigned. Thus to adaxit a species 
to new habits of life, many co-ordinated modifications are almost 
indispensable, and it may often have hapxjened that the rectuisite 
parts did not vary in the right manner or to the right degree. 
Ilany species must have been prevented from increasing in 
numbers through destructive agencies, w^hieh stood in no relation 
to certain structures, which w'e imagine would have been gained 
through natural selection from appearing to us advantageous to 
the species. In this case, as the struggle for life did not depend 
on such structures, they could not have been acquired through 
natural selection. In many cases complex and long-enduring 
conditions, often of a jieculiar nature, are necessary for the 
development of a structure; and the requisite conditions may 
seldom have concurred. The belief that any given structure, 
which we think, often erroneously, would have been beneficial to 
a species, would have been gained under all circumstances through 
natural selection, is oi:»posed to what we can understand of its 
manner of action. iMr. Mivart does not deny that natural selec- 
tion has effected something; but he considers it as “demonstrably 
insufficient ” to account for the phenomena which I explain by its 
agency. His chief arguments have now been considered, and the 
others will hereafter be considered. . They seem to me to partake 
little of the character of demonstration, and to have little weight 
in comparison with those in favour of the power of natuial 
selection, aided by the other agencies often specified. I am 
bound to add, that some of the facts and arguments here used by 
me, have been advanced for the same purpose in an able article 
lately published in the ‘ Medico-Chirurgical Review/ 

At the present day almost all naturalists admit evolution under 
»me tomi, Mr. Mivart believes that species change through “ an 
internal force or tendency,” about which it is not pretend^ that 
anything is known. That species have a capacity for change mil 
admitted by all evolutionists; but there is no need, as it 
to me, to invoke any’ internal force beyond the tenden'i^ to 
cbilfetecy' mriabilty, which through the aid of selection by man 
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Las given rise to many well-adapted domestic races, and wLicli 
through the aid of natural selection would equally well give rise 
by graduated steps to natural races or species. The final result 
will generally have been, as already explained, an advance, but in 
some few cases a retrogression, in organisation. 

Mr. Mivart is further inclined to believe, and some naturalists 
agree with him, that new species manifest themselves ‘‘with 
suddenness and by modifications appearing at once.” For instance, 
he supposes that the differences between the extinct three-toed 
Hipparion and the horse arose suddenly. He thinks it difficult to 
believe that the wing of a bird “ was developed in any other way 
than by a comparatively sudden modification of a marked and 
important kind;” and apparently he would extend the same view 
to tlie wings of bats and pterodactyles. This conclusion, which 
implies great breaks or discontinuity in the series, appears to me 
improbable in the highest degree. 

Every one who believes in slow and gradual evolution, 'ruU of 
course admit that specific changes may have been as abrupt and 
as great as any single variation which we meet with under nature, 
or even under domestication. But as species are more variable 
when domesticated or cultivated than under their natural 
conditions, it is not probable that such great and abrupt variations 
have often occurred under nature, as are knowm occasionally to 
arise under domestication. Of these latter variations several 
may he attributed to reversion; and the characters which thus 
reappear were, it is probable, in many cases at first gained 
in a gradual manner. A stUl greater number must be called 
monstrosities, such as six-fingered men, porcupine men, Ancon 
sheep, Niata cattle, and as they are widely different in 
character from natural species, they throw very little light on 
our subject. Excluding such cases of abrupt variations, the few 
which remain would at best constitute, if found in a state of 
nature, doubtful species, closely related to their parental types. 

My reasons for doubting whether natural species have changed 
as abruptly as have occasionally domestic races, and for entirely 
disbelieving that they have changed in the wonderful manner 
indicated by Mr. Mivart, are as follows. According to our 
experience, abrupt and strongly marked variations occur in our 
domesticated productions, singly and at rather long intervals of 
time. If such occurred under nature, they would he liable, as 
formerly explained, to be lost by accidental causes of destruction 
and by subsequent inter-crossing; and so it is known to be under 
domestication, unless abrupt variations of this kind are specially 
preserved and separated by the care of man. Hence in order that 
a new species should suddenly appear in the manner supposed by 
Mr. Mivart, it is almoet necessary to believe, in opposition to aJl 
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analog}-, that several wonderfully changed indlTiduals appeared 
simultaneously within the same district. This clifiiciiltyj as in 
the case of unconscious selection by man, is avoided on the theory 
of gradual evolution, through the preservation of a large number 
of individuals, which varied more or less in any favourable 
direction, and of the destruction of a large number wliieli varied 
in an opposite manner. 

That many species have been evolved in an extremely gradual 
manner, there can hardly be a doubt. The species and even the 
genera of many large natural families are so closely allied together, 
tlia^t it is difficult to distinguish not a few of them. On every 
continent in proceeding from north to south, from lowland to 
upland, &c., we meet with a host of closely related or representative 
species; as we likewise do on certain distinct continents, which 
we have reason to believe were formerly connected. But in 
making these and the following remarks, I am compelled to 
allude to subjects hereafter to be discussed. Look at the many 
outlying islands round a continent, and see how many of their 
inhabitants can be raised only to the rank of doubtful species. 
So it is if we look to past times, and compare the species which 
have just passed away wnth those still living within the same 
areas; or if we compare the fossil species embedded in the sub- 
stages of the same geological formation. It is indeed manifest 
that multitudes of species are related in the closest manner to 
other species that stpl exist, or have lately existed ; and it will 
hardly be maintained that such species have been developed in an 
abrupt or sudden manner. Nor should it be forgotten, when we 
look to the special parts of allied species, instead of to distinct 
species, that numerous and wonderfully fine gradations can be 
traced, connecting together widely different structures. 

Many large groups of facts are intelligible only on the principle 
that species have been evolved by very small steps. For instance 
the fact that the species included in the larger genera are more 
closely related to each other, and present a greater number of 
varieties than do the species in the smaller genera. The former 
are also grouped in little clusters, like varieties round species; 
and they present other analogies with varieties, as was shown in 
our second chapter. On this same principle we can understand 
how it is that specific characters are more variable than generic 
characters ; and how the parts which are developed in an extra- 
ordinary degree or manner are more variable than other parts of 
the same species. Many analogous facts, all pointing in the same 
direction, could be added. 

Although very many species have almost certainly been 
produced by steps not greater than those separating fine varieties; 
yet it may be maintained that some have been developed in a 
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different and abrupt manner. Sucb an admission, however, oii^ht 
not to be made without strong evidence being assigned. The 
vague and in some respects false analogies, as they have been 
shown to be by ]\Ir. Chauncey "Wright, which have been advanced 
in favour of this view, such as the sudden crystallisation of 
inorganic substances, or the falling of a facetted spheroid from 
one facet to another, hardly deserve consideration. One class of 
facts, however, namely, the sudden appearance of new and distinct 
forms of life in our geological formations supports at first sight 
the belief in abrupt development. But the value of this evidence 
depends entirely on the perfection of the geological record, in 
relation to periods remote in the history of the world. If the 
record is as fragmentary as many geologists strenuously assert, 
there is nothing strange in new forms appearing as if suddenly 
developed. 

Unless we admit transformations as prodigious as th<.<sc 
advocated by l\lr- Mivart, such as the sudden development of the 
wings of birds or bats, or the snddoii conversion of a Hipparion 
into a horse, hardly any light is thrown by the belief in abrupt 
modifications on the deficiency of connecting 1 inks in our geological 
formations. But against the belief in such abrupt changes, 
embryology enters a strong protest. It is notorious that tlie 
wings of birds and batvS, and the legs of horses or other quadrupeds, 
are undistingulshable at an early embryonic period, and that they 
become differentiated by insensibly fine steps. Embryological 
resemblances of all kinds can be accounted for, as we shall 
hereafter see, by the progenitors of our existing species having 
varied after early youth, and having transmitted their newly 
acquired characters to their offspring, at a corresponding age. The 
embryo is thus left almost unaffected, and serves as a record of 
the past condition of the species. Hence it is that existing species 
during the early stages of their development so often resemble 
ancient and extinct forms belonging to the same class. On this 
view of the meaning of embryological resemblances, and indeed 
on any view, it is incredible that an animal should have undergone 
such momentous and abrupt transformations, as those above 
indwtted ; and yet should not boar even a trace in its embryonic 
cowiition of any sudden modification ; every detail in its structure 
being developed by insensibly fine steps. 

He who believes that some ancient form was transformed 
suddenly through an internal force or tendency into, for instance, 
one furnished with wings, will be almost compelled to assume, 
in opposition to all analogy, that many individuals varied 
simultaneously. It cannot be denied that such abrupt and great 
changes of structure are widely different from those which most 
species' apparently have undergone^ He will further be compelled 
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to ijeliere that iriaiiy -jtr^utiires i>eaiitifuliy adapied to all tlio 
other part.=; of the ^ame crcanire and to the sinToiuidiii^^ ecndition 
have been suddenly produced ; and of such complex and ^vonclerful 
co-adapt'iTions, lie net he able to assign a sliadoiv of an 
explanation. He vrill be foRvd to admit that these great and 
sudden transformations have kft no trace of their action on tlfO 
erabiyo. To admit all this is, a s it seems to me, to enter iota the 
real BIB of miracle, ami to leave Thf>e of Science. 
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instineis c^'iiipaiabie Mitli habits, but different in their Oiij^da — li!‘*tiiiet'< 
graduated — Aphides and variable — Domestic inbtiiitts 

thidr origin — Natural inatiuots of the cuckoo, molothnis, ostrich, and 
parasitic bees — Sluve-makmg auts — Hive-bee, its uell-making instinct — 
Changes of instinct and structure not necessarily simultaneiuis — Diltieultie«t 
of the theory of the Natural Seleetiou of mstinets — Neuter or sterile 
insects — Summary. 

[Many instincts are so wonderful that their development will 
probably appear to the reader a difficulty sufficient to overthrow 
iny whole theory. I may here premise, that I have nothing to do 
with the origin of the menial powers, any more than I have with 
that of life itself. We are concerned only with the diversities of 
instinct and of the other mental faculties in animals of the same 
class. 

I will not attempt any definition of instinct. It would be easy 
to show that several distinct mental actions are commonly em- 
braced by this term ; but every one understands what is meant, 
when it is said that instinct impels the cuckoo to migrate and t<i 
lay her eggs in other birds’ nests. An action, which we ourselves 
require experience to enable us to perform, when performed by an 
animal, more especially by a very young one, without experience, 
and when performed by many individuals in the same way, 
without their knowing for what purpose it is performed, is usually 
said to be instinctive. But I could show that none of these 
characters are universal. A little dose of judgment or reason, as 
Pierre Huber expresses it, often comes into play, even with 
animals low in the scale of nature. 

Frederick Cuvier and several of the older metaphysicians have 
coppxed instinct with habit This comparison gives, I think, ,an 
meurato -tiolion of the frame of mind under which an instinctivQ 
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action isi performed, but not necessarily of its origin. How 
unconsciously many habitual actions are performed, indeed not 
rarely in direct opposition to our conscious will 1 yet they may be 
modified by the will or reason. Habits easily become associated 
with other habits, with certain periods of time, and states of tlie 
body. When once acquired, they often remain constant through- 
out life. Several other points of resemblance between instincts 
and habits could bo pointed out. As in repeating a well-known 
song, so in instincts, one action follows another by a sort of 
rhythm ; if a person be interrupted in a song, or in repeating 
anything by rote, he is generally forced to go back to recover the 
habitual tmin of thought ; so P. Huber found it was with a 
caterpillar, which makes a vciy complicated hammock ; for if he 
took a caterj>illar which had completed its hammock up to, 
say, the sixth stage of construction, and put it into a hammock 
completed up only to the third stage, the caterpillar simply 
re-perfonned the fourth, fifth, and sixth stages of construction. 
If, however, a caterpillar Averc taken out of a hammock made up, 
for instance, to the third stage, and were put into one finished up 
to the sixth stage, so that much of its Avork Avas already done 
for it, far from deriving any benefit from this, it aaus much 
embarrassed, and in order to complete its hammock, seemed forced 
to start from the third stage, Avhere it had left off, and thus tried 
to complete the already finished work. 

If we suppose any habitual action to become inherited— and it 
can he shown that this does sometimes happen — then the resem- 
blance between what originally was a habit and an instinct 
becomes so close as not to be distinguished. If Mozart, instead of 
playing the pianoforte at three yeara old Avith wonderfully little 
practice, had played a tune with no practice at all, he might truly 
be said to have done so instinctively. But it would be a serious 
error to suppose that the greater number of instincts have been 
acquired by habit in one generation, and then transmitted by 
inheritance to succeeding generations. It can be clearly shoAm 
that the most wonderful instincts "with which we are acquainted, 
namely, those of the liiA^e-hee and of many ants, could not possibly 
have been acquired by habit. 

It will be universally admitted tliat instincts are as important 
as corporeal structures for the welfare of each species, under its 
present conditions of life. Under changed conditions of life, it is 
at least passible that slight modifications of instinct might be 
profitable to a species ; and if it can be shown that instincts do 
vary ever so little, then I can see no difficulty in natural selection 
preserving and continually accumulating variations of instinct to 
any extent that was profitable- It is thus, as I believe, that all 
the most complex and wonderful instincts have originated. 4s 
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iiioililieations of cori-joroal striicturo arise from, and are increased 
by, use or liabii, and are diminislied or lost by disuse, so I do not 
doubt it lias been instincts. But I believe tliat the edects of 
lialjit are in many ca^es of subordinate importance to the effects of 
the natural selection of what may be called spontaneous variations 
of instincts ; — that is of variations produced by the same unknown 
causes which produce slight deviations of bodily structure. 

hso complex ixistinet can possibly be produced through natural 
selection, except by the slow and gradual accumulation of 
numerous slight, yet profitable, variations. Hence, as in the 
case of corporeal structures, we ought to find in nature, not the 
actual transitional gradations by wliich each complex instinct has 
been acquired — for these could be found only in the lineal 
ancestors of each si>ecies — but we ought to find in the collateral 
lines of descent some evidence of such gradations ; or we ought at 
least to be able to show that gradations of some kind are possible ; 
and this we certainly can do. I have been surprised to find, 
making allowance for the instincts of animals having been but 
little observed except in Europe and North America, and for no 
instinct being known amongst extinct .species, how very generally 
gradations, leading to the most complex instincts, can be dis- 
covered. Changes of instinct may sometimes be facilitated ly the 
same species having different instincts at different periods of life, 
or at different seasons of the year, or when placed under different 
circumstances, ttc. ; in "which case either the one or the other 
instinct might be preserved by natural selection. And such 
instances of diversity of instinct in the same species can be shown 
to occur in nature. 

Again, as in the case of corporeal structure, and conformably to 
my theory, the instinct of each species is good for itself, but has 
never, as far as we can judge, been produced for the exclusive 
good of others. One of the strongest instances of an animal 
apparently performing an action for the sole good of another, with 
which I am acquainted, is that of aphides voluntarily yielding, as 
was first observed by Huber, their sweet excretion to ants : that 
they do so voluntarily, the following facts show. I removed ail 
the ants from a group of about a dozen aphides on a dock-plant, 
and prevented their attendance during several hours. After this 
interval, I felt sure that the aphides would want to excrete. I 
watched them for some time through a lens, hut not one excreted ; 
I then tickled and stroked them with a hair in the same manner, 
as well as I could, as the ants do with their antennae ; but not one 
excreted. Afterwards I allowed an ant to visit them, and it 
immediately seemed, by its eager way of running about, to be 
well aware what a rich flock it had discovered ; it then began to 
play with its antennae on the abdomen first of one aphis and then 
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of another ; and each, as soon as it felt the antennse, immediately 
lifted np its abdomen and excreted a limpid drop of sweet juice, 
which was eagerly devoured by the ant. Even the quite young 
aphides behaved in tliis manner, showing that the action was 
instinctive, and not the result of experience. It is certain, from 
the observations of Huber, that the aphides show no dislike to 
the ants: if the latter be not present they are at last compelled to 
eject their excretion. But as the excretion is extremely viscid, it 
is no doubt a convenience to the aphides to have it removed; 
therefore probably they do not excrete solely for the good of the 
ants. Although there is no evidence that any animal performs an 
action for the exclusive good of another species, yet each tries to 
take advantage of the instincts of others, as each takes advantage 
of the weaker bodily structure of other species. So again certain 
instincts cannot be considered as absolutely perfect ; but as details 
on this and other such points are not indispensable, they may bo 
here passed over. 

As some degree of variation in instincts under a state of nature, 
and the inheritance of such variations, are indispensable for the 
action of natural selection, as many instances as possible ought to 
be given ; but want of space prevents me. I can only assert that 
instincts certainly do vary — ^for instance, the migratory instinct, 
both in extent and direction, and in its total loss. So it is with 
the nests of birds, which vary partly in dependence on the 
situations chosen, and on the nature and temperature of the 
country inhabited, but often from causes wholly unknovim to us ; 
Audubon has given several remarkable cases of differences in the 
nests of the same species in the northern and southern United 
States, Why, it has been asked, if instinct he variable, has it not 
granted to the bee “ the ability to use some other material when 
wax was deficient ” ? But what other natural material could bees 
use ? They will work, as I have seen, with wax hardened with 
vermilion or softened with lard. Andrew Knight observed that 
his bees, instead of laboriously collecting propolis, used a cement 
of wax and turpentine, with which he had covered decorticated trees. 
It has lately been shown that bees, instead of searching for pollen, 
will gladly use a very different substance, namely oatmeal. Fear 
of any particular enemy is certainly an instinctive quality, as may 
be seen in nestling birds, though it is strengthened by experience, 
and by the sight of fear of the same enemy in other animals. The 
fear of man is slowly acquired, as I have elsewhere shown, by the 
%"arious animals which inhabit desert islands ; and we see an 
instance of this even in England, in the greater wildness of all 
our large birds in comparison with our small birds ; for the large 
birds have been most persecuted by man. We may safely 
fttrihqte the greats of oqy large birds to this cause j 
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for in umiiliabiieci islands lar^e birds are not more fearful tban 
small ; and tbe magpie, so war^’’ in England, is tame in Xorway, 
as is tlift hooded crow in E5yj)t, 

That tlie mental qualities of animals of the same kind, bom in 
a state of nature, vary much, could be skoivn by many facts. 
Heveral cases could also be adduced of occasional and strange 
liabits in wild animals, wliicb, if advantageous to tlie species, 
might have given rise, tlirough. natural selection, to new instincts. 
Bill. I am well aware that these general statements, without the 
facts in detail, will produce but a feeble effect on the reader’s 
mind. I can only repeat my assurance, that I do not speak 
ivitlioiit good evidence. 

Liheritecl Changes of Halit or Insthict in Domesticated Animah. 

The possibility, or even probability, of inherited variations of 
instinct in a state of nature will be strengthened by briefly 
considering a few cases under domestication. We shall thus be 
enabled to see the part which habit and the selection of so-called 
spontaneous variations have played in modifying the mental 
qualities of our domestic animals. It is notorious how much 
domestic animals vary in their mental qualities. With cats, for 
instance, one naturally takes to catching rats, and another mice, 
and these tendencies are known to be inherited. One cat, 
according to Wr. St. John, always brought home game-birds, 
another hares or rabbits, and another hunted on marshy ground 
and almost nightly caught woodcocks or snipes. A number of 
curious and authentic instances could be given of various shades 
of disposition and of taste, and likewise of the oddest tricks, 
associated with certain frames of mind or periods of time, being 
inherited. But let ms look to the familiar case of the breeds of the 
dogs : it cannot be doubted that young pointers (I have myself 
seen a striking instance) will sometimes point and even back 
other dogs the very first time that they are taken out ; retrieving 
is certainly in some degree inherited by retrievers; and a tendency 
to run round, instead of at, a flock of sheep, by shepherd dogs, I 
cannot see that these actions, performed without experience by 
the young, and in nearly the same manner by each individual, 
performed with eager delight by each breed, and without the end 
being known — ^for the young pointer can no more know that he 
points to aid his master, than the white butterfly knows why she lays 
her eggs on the leaf of the cabbage— I cannot see that these actions 
differ essentially from true instincts. If we were to behold one 
kind of wolf, when young and without any training, as soon as it 
scented its prey, stand motionless like a statue, and then slowly 
crawl forward with a peculiar gait; and another kind of waft 
rushing of a of deer, and driving th®n to a 
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distant point, we slionld assuredly call tliese actions iiistinctive. 
Domestic instincts, as tliey may be called, are certainly far less 
fixed than natural instincts; but they have been acted on by far 
less rigorous selection, and have been transmitted for an incom- 
parably shorter period, under less fixed conditions of life. 

How strongly these domestic instincts, habits, and dispositions 
are inherited, and how cmionsly they become mingled, is well 
shown when different breeds of dogs are crossed- Thus it is 
known that a cross with a bull-dog has affected for many genera- 
tions the courage and obstinacy of greyhounds ; and a cross with 
a grejdiound has given to a whole family of shepherd-dogs a 
tendency to hunt hares. These domestic instincts, when thus 
tested by crossing, resemble natural instincts, which in a like 
manrier become curiously blended together, and for a long period 
exhibit traces of the instincts of either parent : for example, Le 
Boy describes a dog, whose grea.t-gi-andfather was a wolf, and this 
dog showed a trace of its wild parentage only in one way, by not 
coming in a straight line to liis master, when called. 

Domestic instincts are sometimes spoken of as actions which 
have become inherited solely from long-continued and compulsory 
habit ; but this is not true. Ho one would ever have thought of 
teaching, or probably could have taught, the tumbler-pigeon to 
tumble,— an action which, as I have witnessed, is performed by 
young birds, that have never seen a pigeon tumble. We may 
believe that some one pigeon showed a slight tendency to this 
strange habit, and that the long-continued selection of the best 
individuals in successive generations made timiblers what they 
now are ; and near Glasgow there are house-tumblers, as I hear 
from Mr. Brent, which cannot fly eighteen inches high without 
going head over heels. It may be doubted whether any one 
would have thought of training a dog to point, had not some one 
clog naturally shown a tendency in this line ; and this is known 
occasionally to happen, as I once saw, in a pure terrier : the act 
of pointing is probably, as many have thought, only the exag- 
gerated pause of an animal preparing to spring on its prey. When 
the first tendency to point was once displayed, methodical selection 
and the inherited effects of compulsory training in each successive 
generation would soon complete the work; and unconscious 
selection is still in progress, as each man tries to procure, 
without intending to improve the breed, dogs which stand and 
hunt best. On the other hand, habit alone in some cjases has 
sufficed; hardly any animal is more difficult to tame than the 
young of the wild rabbit; scarcely any animal is tamer than the 
young of the tame rabbit ; but I can hardly suppose that domestic 
rabbits have often been selected for tameness alone; so that we 
must attribute at least the greater part of the inherited ehango 
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from extreme wildness to extreme tameness, to liabit and long- 
con tinned close confinement. 

Xatnral instincts are lost under domestication ; a remarkable 
instance of this is seen in those breeds of fowls wliich very rarely 
OF never become broody,” that is, never wish to sit on their eggs. 
Familiarity alone prevents our seeing how largely and how per- 
manently the minds of onr domestic animals have been modified. 
It is scarcely possible to doubt that the love of man has become 
instinctive in the dog. All wolves, foxes, jackals, and species of 
the cat genus, when kept tame, are most eager to attack poultry, 
sheep, and pigs ; and this tendency has been found incurable in 
dogs which have been brought home as puppies from countries 
such as Tierra del Fuego and Australia, whore the savages do not 
keep these domestic animals. How rarely, on the other hand, do 
our civilised dogs, even when quite young, require to be taught 
not to attack poultry, sheep, and jags ! ISTo doubt they occasionally 
do make an attack, and are then beaten ; and if not cured, they 
are destroyed ; so that liabit and some degree of selection have 
probably concurred in civilising by inheritance our dogs. On 
the other hand, young chickens have lost, wholly by habit, that 
fear of the dog and cat which no doubt was originally instinctive 
in them ; for I am informed by Captain Hutton that the young 
chickens of the parent-stock, the Gall us bankiva, when reared in 
India under a hen, arc at first excessively wild. So it is with 
young pheasants reared in England under a hen. It is not that 
chickens have lost all fear, but fear only of dogs and cats, for if 
the hen gives the danger-chuckle, they idll run (more especially 
young turkeys) from under her, and conceal themselves in the 
surrounding grass or thickets ; and this is evidently done for the 
instinctive purpose of allowing, as we see in wiki ground-birds, 
their mother to fly away. But this instinct retained by our 
chickens has become useless under domestication, for the mother- 
hen has almost lost by disuse the power of flight. 

Hence, we may conclude, that under domestication instincts 
have been acquired, and natural instincts have been lost, partly 
by habit, and partly by man selectiiag and accumulating, during 
successive generations, peculiar mental habits and actions, which 
at first appeared from what we must in our ignorance call an 
accident. In some cases compulsory habit alone has sufficed to 
produce inherited mental changes; in other cases, compulsory 
habit has done nothing, and all has been the result of selection, 
pursued both methodically and unconsciously : but in most cases 
habit and selection have probably concurred. 

Special ImiincU. 

We shall, perhaps, best understand how instincte in a state of 
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nature liave become modified by selection, by considering a few 
cases. I will select only three, — namely, tlie instinct wbicli leads 
the cuckoo to lay her eggs in other birds’ nests ; the sla%'e-making 
instinct of certain ants ; and the celhmaking power of the hiTe- 
bee. These two latter instincts have generally and justly been 
ranked by naturalists as the most wonderful of all kno^m 
instincts. 

Instincts of the Cuckoo . — It is sirpposed by some naturalists that 
the more immediate cause of the instinct of the cuckoo is, that 
she lays her eggs, not daily, but at intervals of two or three days ; 
so that, if she were to make her own. nest and sit on her own eggs, 
those first laid would have to be left for some time unincubated, 
or there would be eggs and young birds of different ages in the 
same nc.st. If this were the case, the process of lajing and 
hatching might be inconveniently long, more especially as she 
migrates at a very early period; and the first hatched young 
would probably have to be fed by the male alone. But the 
American cuckoo is in this predicament ; for she makes her own 
nest, and has eggs and young succe.ssivcly hatched, all at the same 
time. It has been both asserted and denied that the American 
cuckoo occasionally lays her eggs in other bird.s' nests; but I have 
lately heard from Dr. ]\Ierrell, of Iowa, that he once found in 
Illinois a young cuckoo together with a young jay in the nest 
of a Blue jay (Garrulus cristatus) ; and as both were nearly Ml 
feathered, there could be no mistake in their identification. I 
could also give several instances of various birds which have been 
known occasionally to lay their eggs in other birds* nests. Now 
let us suppose that the ancient progenitor of our European cuckoo 
had the habits of the American cuckoo, and that she occasionally 
laid an egg in another bird’s nest. If the old bird profited by this 
occasional habit through being enabled to migrate earlier or 
through any other cause; or if the young were made more 
vigorous by advantage being taken of the mistaken instinct of 
another species than when reared by their own mother, encum- 
bered as she could hardly fall to be by having eggs and young of 
different ages at the same time; then the old birds or the 
fostered young would gain an advantage. And analogy would 
lead, us to believe, that the young thus reared would be apt to 
follow by inheritance the occasional and aberrant habit of their 
mother, and in their turn would be apt to lay their eggs in other 
birds’ nests, and thus be more successful in rearing their young. 
By a continued process of this nature, I believe that the strange 
instinct of our cuckoo has been generated. It has, also, recently 
been ascertained on suificient evidence, by Adolf Muller, that 
the cuckoo occasionally lays her eg^ on the bare ground, sits on 
them, and feeds her young* This rare event is probably a 
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case of reversion to tlie long-lost, aboriginal instinct of nicli- 
fication. 

It has been objected tliat I have not noticed other related 
instincts and adaptations of structure in the cuckoo, wbicli are 
spoken of as necessarily co-ordinated. But in all cases, speculation 
on an instinct knovni to us only in a single species, is useless, for 
we liave liitlierto had no facts to guide us. Until recently the 
instincts of the European and of the non-parasitie American 
cuckoo alone were known ; now, owing to Mr. Ramsay’s observ^a- 
tions, we have learnt something about three Australian species, 
which lay their eggs in other birds’ nests. The chief points to be 
referred to are three: first, that the common cuckoo, with rare 
exceptions, lays only one egg in a nest, so that the large and vora- 
cious young bird receives ample food. Secondly, that the eggs 
are remarkably small, not exceeding those of the skylark,— a bird 
about one-fourth as large as the cuckoo. That the small size of 
the egg is a real case of adaptation we may infer from the fact of 
the non-i^arasitic American cuckoo laying full-sized eggs. Thirdly, 
that the young cuckoo, soon after birth, has the instinct, the 
strength, and a properly shaped back for ejecting its foster- 
brothers, which then perish from cold and hunger. This has been 
boldly called a beneficent arrangement, in order that the young 
cuckoo may get sufficient food, and that its foster-brothers may 
perish before they had acquired much feeling 1 

Turning now to the Australian species; though these birds 
generally lay only one egg in a nest, it is not rare to fii:id two and 
even three eggs in the same nest. In the Bronze cuckoo the eggs 
vary greatly in size, from eight to ten lines in length. Now if it 
had been of an advantage to this species to have laid eggs even 
smaller than those now laid, so as to have deceived certain foster- 
parents, or, as is more probable, to have been hatched within a 
shorter period (for it is asserted that there is a relation between 
the size of eggs and the period of their incubation), then there is 
no difficulty in believing that a race or species might have been 
formed which would have laid smaller and smaller eggs; for these 
would have been more safely hatched and reared. Mr, Bamsay 
remarks that two of the Australian cuckoos, when they lay their 
eggs in an open nest, manifest a decided preference for nests 
containing eggs similar in colour to their ovra. The European 
species apparently manifests some tendency towards a similar 
instinct, but not rarely departs from it, as is shown by her laying 
her dull and pale-coloured eggs in the nest of the H^ge-warbler 
with bright greenish-blue eggs. Had our cuckoo invariably dis- 
played the above instinct, it would assuredly have been added to 
those which it is assumed must all have been acquired together. 
Tffie eggs of the Austoalian Bronze cuckoo vary, according to Mr, 
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Eamsay, to an extraordinary degree in colour; so tliafc in tliis 
respect, as well as in size, natural selection might liave secured 
and fixed any advantageous variation. 

In the case of the European cuckoo, the offspring of the foster- 
parents are commonly ejected from the nest within three days 
after the cuckoo is hatched; and as the latter at this age is in 
a most helpless condition, Mr. Gould was formerly inclined to 
believe that the act of ejection was performed by the foster- 
parents themselves. But he lias now received a trustworthy 
account of a young cuckoo which was actually seen, whilst still 
blind and not able even to hold up its own head, in the act of 
ejecting its foster-brothers. One of these was replaced in the 
nest by the observer, and was again thrown out. With respect to 
the means by which this strange and odious instinct was acquired^ 
if it were of great importance for the young cuckoo, as is probably 
the case, to receive as much food as iiossible soon after birth, 1 
can see no special dllHculty in its having gradually acquired, 
during successive generations, the blind desire, the strength, and 
structure necessary for the work of ejection; for those young 
cuckoos which had such habits and structure best developed 
would be the most securely reared. The first stop towards the 
acquisition of the proper instinct might have been mere uninten- 
tional restlessness on the part of the young bird, when somewhat 
advanced in age and strength : the habit having been afterwards 
improved, and transmitted to an earlier age. I can see no more 
difficulty in this, than in the unhatched young of other birds 
acquiring the instinct to break through their own shells; — or 
than in young snakes acquiring in their upper jaws, as Owen has 
remarked, a transitory sharp tooth for cutting through the tough 
egg-shell. For if each part is liable to individual variations at ail 
ages, and the variations tend to be inherited at a corresponding or 
earlier age, — propositions which cannot be disputed, — then the 
instincts and structure of the young could be slowly modified as 
surely as those of the adult ; and both cases must stand or fall 
together with the whole theory of natural selection. 

Some species of Molothrus, a widely distinct genus of American 
birds, allied to our starlings, have parasitic habits like those of the 
cuckoo; and the species present an interesting gradation in the 
perfection of their instincts. The sexes of Molothrus badius are 
stated by an excellent observer, Mr. Hudson, sometimes to live 
promiscuously together in flocks, and sometimes to pair. They 
either build a nest of their own, or seize on one belonging to some 
other bird, occasionally throwing out the nestlings of the stranger. 
They either lay their eggs in the nest thus appropriated, or oddly 
enough build one for themselves on the top of it. They usually 
sit on their own eggs and rear their own young; but Mr. Hudson 
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says it is probabie that they are occasionally parasitic, for he has 
seen the young of this species following old birds of a distinct 
kind and clamouring to be fed by them. The parasitic habits of 
another species of Molothras, the Zd. bonariensis, are inucii more 
highly developed than those of the last, but are still far from 
perfect. This bird, as far as it is known, invariably lays its eggs 
in the nests of strangers; but it is remarkable that several 
together sometimes commence to build an irregular untidy nest of 
their opiii, x>laced in singularly ill-adapted situations, as on the 
leaves of a large thistle. They never, however, as far as Mr. 
Hudson has ascertained, complete a nest for themselves. They 
often lay so many eggs— from fifteen to twenty — in the same 
ibster-nest, that few or none can possibly be hatched. They have, 
moreover, the extraordinary habit of pecking holes in the eggs, 
vdietlier of tlieir own species or of their foster-parents, which they 
find ill the appropriated nests. They drop also many eggs on the 
bare ground, which are thus W’asted. A third species, the 
pecoris of Horth America, has acquired instincts as perfect as 
those of the cuckoo, for it never lays more than one egg in a 
foster-nest, so that the young bird is securely reared. Mr. 
Hudson is a strong disbeliever in evolution, but he appears 1o 
have been so much struck by the imperfect instincts of the 
Molothrus boiiaricnsis that he quotes my words, and asks, “Must 
•we consider these haliits, not as especially endowed or created 
instincts, but as small consequences of one general law, namely, 
transition I ” 

Various birds, as has already been remarked, occasionally lay 
their eggs in the nests of other birds. This habit is not very 
uncommon -with the Gallinacece, and throws some light on the 
singular instinct of the ostrich. In this family several hen-birds 
unite and lay first a feiv eggs in one nest and then in another ; and 
these are hatched by the males. This instinct may probably be 
accounted for by the fact of the hens laying a large number of 
eggs, but, as with the cuckoo, at intervals of two or three days. 
The instinct, however, of the American ostrich, as in the case of 
the Molothrus bonariensis, has not as yet been perfected ; for «a 
surprising number of eggs He strewed over the plains, so that in 
one day’s hunting I picked up no less than twenty lost and 
wasted eggs. 

Many bees are parasitic, and regularly lay their eggs in the 
nests of other kinds of bees. This case is more remarkable than 
that of the cuckoo ; for these bees have not only had their instincts 
but their structure modified in accordance with their parasitic 
hahits; for they do not possess the pollen-collecting apparatus 
which would have been indispensable if they had stored up food 
for their own young. Some species of Sphegid® (wasp-like 
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insects) are likewise parasitic ; and M. Fabre lias lately shown 
good reason for believing that, although the Tachytes nigra 
generally makes its own burrow and stores it with paralysed prey 
for its owm larval, yet that, when this insect finds a burro^v already 
made and stored by another sphex, it takes advantage of tlie 
prize, and becomes for the occasion pamsitic. In this case, as 
with that of the lilolothrus or cuckoo, I can see no difficulty in 
natural selection making an occasional habit permanent, if of 
advantage to the sjiecies, and if the insect whose nest and stored 
food are feloniously appropriated, be not thus exterminated. 

Slave-making mstmct . — ^This remarkable instinct was first dis- 
covered in the Formica (Polyerges) rufescens by Pierre Huber, a 
better observer even than his celebrated father. This ant is 
absolutely dependent on its slaves ; without their aid, the species 
would certainly become extinct in a single year. The males and 
fertile females do no work of any kind, and the workers or sterile 
females, though most energetic and courageous in capturing slaves, 
do no other w’ork. They are incapable of making their own nests, 
or of feeding their o%vn larvje. "V^rheii the old nest is found incon- 
venient, and they liave to migrate, it is the slaves which determine 
the migration, and actually carry their masters in their jaws. So 
iitterly helpless are the masters, that when Huber shut up thirty 
of them without a slave, but with plenty of the food v Iiich they like 
best, and with their own larvse and pupce to stimulate them to 
work, they did nothing ; they could not even feed themselves, and 
many perished of hunger. Huber then introduced a single slave 
(F. fusca), and she instantly set to work, fed and saved the 
survivors ; made some cells and tended the larvae, and put all to 
rights. What can be more extraordinary than these well-ascer- 
tained facts ? If we had not known of any other slave-making ant, 
it would have been hopeless to speculate how so wonderful an 
instinct could have been perfected. 

Another species, Formica sanguinea, was likewise first discovered 
by P. Huber to be a slave-making ant. This species is found in 
the southern parts of England, and its habits have been attended 
to by Mr. F. Smith, of the British Museum, to whom I am much 
indebted for information on this and other subjects. Although 
fully trusting to the statements of Huber and Mr. Smith, I tried 
to approach the subject in a sceptical frame of mind, as any one 
may well be excused for doubting the existence of so extraordinary 
an instinct as that of making slaves. Hence, I will give the obser- 
vations which I made in some little detail. I opened fourteen 
nests of F. sanguinea, and found a few slaves in all. Males and 
fertile females of the ffiave species (F. fusca) are found only in their 
own proper communities, and have never been observed in the 
nests of F. sanguinea. The slaves axe black and not above half 
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t^lie size of tlieir red masters, so that the contrast in their appear- 
ance is great. "Wliea the nest is slightly disturbed, the slaves 
occasionally come out, and like their masters are much agitated 
and defend the ne^t: -when the nest is much disturbed, and the 
larvae and pupce are exposed, the slaves work energetically together 
with their masters in caiaying them an ay to a place of safety. 
Hence, it is clear, that the slaves feel quite at home. During the 
months of June and July, on three successive years, I watched for 
many hours several nests in Surrey and Sussex, and never saw a 
.slave either leave or enter a nest. As, daring these months, the 
slaves are very lew in number, I thought that they might behave 
differently when more numerous ; but Mr. Smith infonns me that 
he has watched the nests at various hours during May, June, and 
August, both in Surrey and Hampshire, and has never seen the 
slaves, though present in large numbers in August, either leave or 
enter the nest. Hence ho considers them as strictly household 
slaves. The masters, on the other hand, may be constantly 
seen bringing in materials for the nest, and food of ail kinds. 
During the year 18GO, however, in the month of July, I came 
across a community -with an unusually large stock of slaves, and I 
observed a few slaves mingled with their masters leaving the nest, 
and marching along the same road to a tall Scotch-fir tree, twenty- 
five yards distant, which they ascended together, probably in search 
of aphides or cocci. According to Huber, who had ample oppjor- 
tunities for observation, the slaves in Switzerland habitually work 
with their masters in making the nest, and they alone open and 
close the doors in the morning and evening; and, as Huber 
expressly states, their principal office is to search for aphides. Thi.s 
difference in the usual habits of the mastem and slaves in the two 
countries, probably depends merely on the slaves being captured 
in greater numbers in Switzerland than in England. 

One day I fortunately witnessed a migration of F. sanguinea 
from one nest to another, and it was a most interesting spectacle 
to behold the masters carefully carrying their slaves in their jaws 
instead of being carried by them, as in the case of F. rufescens. 
Another day my attention was struck by about a score of the slave- 
makers haunting the same spot, and evidently not in search of 
food ; they approached and were vigorously repulsed by an inde- 
pendent community of the slave-species (F. fusca) ; sometimes as 
many as three of these ants dining to the legs of the slave-making 
F. sanguinea. The latter ruthlessly killed their small opponents, 
and carried their dead bodies as food to their nest, tiventy-nine 
yards distant ; but they were prevented from getting any pupae to 
rear as slaves. I then dug up a small parcel of the pup® of F. 
fusm from another nest, and put them down on a bare spot near 
the place of combat; they were eagerly seized and carried off by 
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tlie tyrants, wlio perliaps fancied that, after all, they had been 
victorious in tlieir late combat. 

At the same time I laid on the same place a small parcel of the 
pupjB of another species, F. fiava, with a few of these little yellow 
ants still clinging to the fragments of their nest. This species is 
sometimes, though rarely, made into slaves, as has been described 
by j^Ir. Smith. Although so small a species, it is very courageous, 
and I have seen it ferociously attack other ants. In one instance 
I found to my surprise an independent community of F. flava 
under a stone beneath a nest of the slave-making F. sanguinea ; 
and when I had accidentally disturbed both nests, the little ants 
attacked their big neighbours with surprising courage. Now I was 
curious to ascertain whether F. sanguinea could distinguish the 
pupa! of F. fiisca, which they habitually make into slaves, from 
those of the little and furious F. tiavfi, which they rarely capture, 
and it was evident that they did at once distinguish them ; for we 
have seen that they eagerly and instantly seized the pupse of F. 
fiisca, whereas they were much terrified when they came across 
the piipoe, or even the earth from the nest, of F. fiava, and quickly 
ran away; but in about a quarter of an hour, sliortly after all the 
little yellow ants had crawled awaj”, they took heart and carried 
off the pupas. 

One evening I visited another community of F. sanguinea, and 
found a number of these ants returning home and entering their 
nests, carrying the dead bodies of F. fnsca (showing that it was 
not a migration) and numerous pupje. I traced a long file of ants 
burthened with booty, for about forty yards back, to a very thick 
clump of heath, whence I saw the last individual of F. sanguinea 
emerge, carrying a pupa ; but I was not able to find the desolated 
nest in the thick heath. The nest, however, must liavo been close 
at hand, for two or three individuals of F. fusca were rushing 
about in the greatest agitation, and one was perched motionless 
with its own pupa in its mouth on the top of a spray of heath, an 
image of despair over its ravaged home. 

Such are the facts, though they did not need confirmation by 
me, in regard to the wonderful instinct of making slaves. Lot it 
be observed what a contrast the instinctive habits of F. sanguinea 
present with those of the continental F. rufescens. The latter does 
not build its own nest, does not determine its own migrations, does 
not collect food for itself or its young, and cannot even feed itself : 
it is absolutely dependent on its numerous slaves. Formica san-' 
guinea, on the other hand, possesses much fewer slaves, and in the 
early part of the summer extremely few : the masters determine 
when and whereua new nest shall be formed, and when they 
migrate, the masfem carry the slaves. Both in Switzerland and 
England the slaves seem to have the exclusive care of the larvae* 
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and tlie masters alone go on slave-making expeditions. In Switzer- 
land the slaves and masters work together, making and bringing 
materials for the nest ; both, but cliiedythe slaves, tend, and milk, 
as it may be called, their aj>hides ; and thus both collect food for 
the community. In England the masters alone usually leave the 
nest to collect building materirds and food for themselves, their 
slaves and larvae. Ho that the masters in this country receive much 
less service from their slaves than they do in Smtzerlancl. 

By what steps the instinct or F. sangiiinea originated I will not 
pretend to conjecture. But as ants which are not slave-makers 
will, as I have seen, carry olf the pupce of other species, if scattered 
near their nests, it is possible that such pup^n originally stored as 
food might become developed ; and the foreign ants thus uninten- 
tionally reared would then follow their proper instincts, and do 
what 'work they could. If their presence proved useful to the 
species which had seized them — if it were more advantageous to 
this species to capture 'workers than to procreate them — tlie habit 
of collecting pupce, originally for food, might by natural selection 
be strengthened and rendered permanent for the very different 
purpose of raising slaves. When the instinct was once acquired, if 
carried out to a much less extent even than in our British F. sau- 
guinea, which, as we have seen, is less aided by its slaves than the 
same species in Switzerland, natural selection might increase and 
modify the instinct — always supposing each modification to be of 
use to the species — until an ant was formed as abjectly dependent 
on its slaves as is the Formica rufescens. 

Cell-mahing imtvnct of the Hive-Bee. — -will not here enter on 
minute details on this subject, but 'will merely give an outline of 
the conclusions at which I have arrived. He must be a dull man 
who can examine the exquisite structure of a comb, so beautifully 
adapted to its end, without enthusiastic admiration. We hear 
from mathematicians that bees have practically solved a recondite 
Ijroblem, and have made their cells of the proper shape to hold the 
greatest possible amount of honey, with the least possible con- 
sumption of precious wax in their construction. It has been 
remarked that a skilful workman with fitting tools and measures, 
would find it very difficult to make cells of wax of the true form, 
though this is efiected by a crowd of bees working in a dark hive. 
Granting whatever instincts you please, it seems at first quite 
inconceivable how they can make ail the necessary angles and 
planes, or even perceive when they are correctly made. But the 
difficulty is not nearly so great as it at first appears : all this 
beautiful work can be shown, I think, to follow from a few simple 
instincts. 

I was led to investigate this subject by Mr. Waterhouse, who 
has shown that the form of the cell stands in close relation to the 
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presence of adjoining cells; and tlie following view may, perhaps, 
be considered only as a modification of Ms theory. Let ns look 
to the great principle of gradation, and see whether Nature does 
not reveal to ns her method of work. At one end of a short 


series we have humble-bees, which use their old cocoons to hold 
honey, sometimes adding to them short tubes of wax, and likewise 
making separate and very irregular rounded cells of wax. At the 
other end of the series we have the cells of the hive-bee, placed in 
a double layer: each cell, as is well known, is an hexagonal 
prism, with the basal edges of its six sides bevelled so as to join 
an inverted pyramid, of three rhombs. These rhombs have certain 
angles, and the three which form the pyramidal base of a single 
cell on one side of the comb enter into the composition of the 
bases of three adjoining colls on the opposite side. In the series 
between the extreme perfection of the cells of the hive-bee and 
ihe simplicity of those of the humble-bee we have the cells of the 
Mexican Melipona domestica, carefully described and figured by 
Pierre Huber. The Melipona itself is intermediate in structure 
between the hive and humble bee, but more nearly related to the 
latter ; it forms a nearly regular waxen comb of cylindrical cells, 
in which the young are hatched, and, in addition, some large cells 
of wax for holding honey. These latter cells are nearly spherical 
and of nearly equal sizes, and are aggregated into an irregular 
mass. But the important point to notice is, that these cells are 
always made at that degree of nearness to each other that they 
would have intersected or broken into each other if the spheres 
had been completed; but this is never permitted, the bees 
building perfectly flat walls of wax between the spheres which 
thus tend to intersect. Hence, each cell consists of an outer 
spherical portion, and of two, three, or more flat surfaces, according 
as the cell adjoins two, three, or more other cells. When one cell 
rests on three other cells, which, from the spheres being nearly of 
the same size, is very frequently and necessarily the case, the 
three flat surfaces are united into a pyramid ; and this pyramid, 
as Huber has remarked, is manifestly a gross imitation of the 
three-sided pyramidal base of the cell of the hive-bee. As in the 
cells of the hive-bee, so here, the three plane surfaces in any one 
cell necessarily enter into the construction of three adjoining cells. 
It is obvious that the Melipona saves wax, and what is more 
important, labour, by this manner of building; for the fiat walls 
between the adjoining cells are not double, but are of the same 
thickness as the outer spherical portions, and yet each fiat portion 
forms a part of two cells. 


Beflecting on this case, it occurred to me that if the Melipona 
had made its spheres at some given distance from each other, and 
h ’ ' ’ - ' * ’ ' ' * '• 


CELL'MAKrSTG IX??TIXCT. 


207 


Cnir. Till.] 

in a do'jbic layer, tlie resultini^ stractiire would liave Ibecii 
perfect as tlie comb of the liive-bee. Accordingly I wrote to 
Professor 3Iiller of C^ainbridge, and this geometer lias kindly read 
over the follovdng statement, dra^Mi up from his inforiiiatioii, and 
tells me that it is strictly correct : — 

If a iimnber of equal spheres be described mth their centres 
placed in two parallel layers; with the centre of each sphere at 
the distance of radius x v 2, or radius x 1’4I421 (or at some 
lesser distance), from the centres of the six surrounding spheres 
ill the same layer ; and at the same distance from the centres of 
the adjoining spheres in the other and parallel layer; then, if 
planes of intersection between the several spheres in both layers 
be formed, there will result a double layer of hexagonal prisms 
united together by pyramidal bases formed of three rhombs ; and 
the rhombs and the sides of the hexagonal prisms will have every 
angle identically the same with the best measurements wiiich 
have been made of the cells of the hive-bee. But I hear from 
Prof. Wjunan, W’ho has made numerous careful measurements, 
that the accumey of the workmanshiii of the bee has been greatly 
exaggerated ; so much so, that whatever the tyiiieal form of the 
cell may be, it is rarely, if ever, realised. 

Hence we may safely conclude that, if we could slightly modify 
the instincts already possessed by the Melipona, and in themselves 
not very wonderful, this bee would make a structure as wonderfully 
perfect as that of the hive-bee. We must suppose the Melipona 
to have the p>ower of forming her cells truly spherical, and of 
equal sizes; and this would not be very surprising, seeing that she 
already docs so to a certain extent, and seeing w'hat perfectly 
cylindrical burrows many insects make in wmod, apparently by 
turning round on a fixed point. We must suppose the Melipona 
to arrange her cells in level layers, as she already does her 
cylindrical cells; and we must further suppose, and this is the 
greatest difficulty, that she can somehow judge accurately at what 
distance to stand from her fellow-labourers when several are 
making their spheres ; but she is already so far enabled to judge 
of distance, that she always describes her spheres so as to intersect 
to a certain extent ; and then she unites the points of intersection 
by perfectly flat surfaces. By such modifications of instincts 
which in themselves are not very wonderful, — hardly more 
wonderful than those which guide a bird to make its nest, — I 
believe that the fiive-bee has acquired, through natural selection, 
her inimitable architectural powers. 

But this theory can be tested by experiment. Following the 
example of Mr. Tegetmeier, I separated two combs, and put 
between thmn a long, thick, rectangular strip of wax: the Iwea 
insl^tly b^aa to ©;^cavat^ minute circular pits in ft; awd af 
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they deepened these little pits, they made them wider and wider 
until they were converted into shallow basins, appearing to the 
eye jicrfectly true or parts of a sphere, and of about the diameter 
of a cell. It was most interesting to observe that, wherever 
several bees had begun to excavate these basins near together, 
they had begun their work at such a distance from each other, 
that by the time the basins had acquired the above-stated width 
(?>. about the width of an ordinary cell), and were in depth about 
one sixth of the diameter of the sphere of which they formed a 
part, the rims of the basins intersected or broke into each other. 
As soon as this occurred, the bees ceased to excavate, and began 
to build up fiat walls of %vax on the lines of intersection between 
the basins, so that each hexagonal prism was built upon the 
scalloped edge of a smooth basin, instead of on the straight edges 
of a three-sided pyramid as in the case of ordinary cells. 

I then put into the hive, instead of a tliick, rectangular piece of 
wax, a thill and narrow, knife-edged ridge, coloured Math vermilion. 
The bees instantly began on both sides to excavate little basins 
near to each other, in the same way as before ; but the ridge of 
wax was so thin, that the bottoms of the basins, if they had been 
excavated to the same depth as in the former experiment, would 
have broken into each other from the opposite sides. The bees, 
however, did not suffer tliis to happen, and they stopped their 
excavations in due time ; so that the basins, as soon as they had 
been a little deepened, came to have flat bases; and these flat 
bases, formed by thin little plates of the vermilion wax left 
ungnawed, were situated, as far as the eye could judge, exactly 
along the planes of imaginary intersection between the basins on 
the opposite sides of the ridge of wax. In some parts, only small 
portions, in other parts, large portions of a rhombic plate were 
thus left between the opposed basins, but the work, from the 
unnatural state of things, had not been neatly performed. The 
bees must have worked at very nearly the same rate in circularly 
gnawing away and deepening the basins on both sides of the ridge 
of vermilion wax, in order to have thus succeeded in leaving flat 
plates between the basins, by stopping work at the planes of 
intersection. 

Considering how flexible thin wax is, I do not see that there is 
any difficulty in the bees, whilst at work on the two sides of a 
strip of wax, perceiving when they have gnawed the wax away to 
the proper thinness, and, then stopping their work. In ordinary 
combs it has appeared to me that the bees do not always succeed 
in working at exactly the same rate from the opposite sides; for 
I have noticed half-completed rhombs at the base of a just 
commenced cell, which were slightly concave on one side, where 
I suppose that the bees had ©xcavat^ too quickly, and convex on 
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the opposed side where tlie bees bad worked less opiickly. la Oiso 
well marked instanccj I put tlie comb back into the Mve, and 
allowed tlie bees to on working for a short time, and 
encLriiined tlie cell, and I found that tlie rliomliic plate bad been 
comideied, and had become fiat: it was absolutely 

iiiipossiblej from the extreme thinness of the little plate, that they 
could have edeeted this by gnawing away the convex side; and 
I suspect that the bees in such cases stand on opposite sides and 
push and bend the ductile and warm wax (which as I have tried 
is easily done) into its x>roper intermediate plane, and thus flatten it. 

From the experiment of the ridge of vermilion wax we can see 
that, if the bees v ere to buOd for themselves a thin wall of wax, 
they could make their cells of the proper shape, by standing at 
the proper distance from each other, by excavating at the same 
rate, and by endeavouring to make equal spherical hollows, but 
never allowing the spheres to break into each other. Now bees, 
as may be dearly seen by examining the edge of a growing comb, 
do make a rough, circumferential wail or rim all round the comb ; 
and they gnaw this away from the opposite sides, always working 
circularly as they deepen each cell. They do not make the whole 
three-sided pyramidal base of any one cell at the same time, but 
only that one rhombic plate which stands on the extreme growing 
margin, or the two plates, as the case may be; and they never 
complete the upper edges of the rhombic plates, until the hexagonal 
walls are commenced. Some of these statements differ from those 
made by the justly celebrated elder Huber, but I am convinced of 
their accuracy; and if I had space, I could show that they are 
conformable with my theory. 

Huber’s statement, that the very first cell is excavated out of a 
little parallel-sided wall of wax, is not, as far as I have seen, strictly 
correct ; the first commencement having always been a little hood 
of wax ; but I will not here enter on details. We see how important 
a part excavation plays in the construction of the cells; but it 
would be a great error to .suppose that the bees cannot build up a 
rough wall of wax in the proper position — that is, along the plane 
of intersection between two adjoining spheres. I have several 
specimens showing clearly that they can do this. Even in the rude 
circumferential rim or wall of wax round a growing comb, flexures 
may sometimes be observed, corresponding in position to the planes 
of the rhombic basal plates of future cells. But the rough wall of 
wax has in every case to be finished off, by being largely gnawed, 
away on both sides. The manner in which the bees build is 
curious ; they always make the first rough wall from ten to twenty 
times thicker than the excessively thin finished wall of the cel^ 
which wiE ultiimtely be left. We shall understand how they 
work, by supposing masons first to pile up a broad ridge of cement 
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and then to begin cutting it away equally on both sides near the 
gioundj till a smooth, very thin wall is left in the middle; the 
masons always piling up the cut-away cement, and adding fresh 
cement on the summit of the ridge. We shall thus have a thin 
wall steadily growing upward but always crowned by a gigantic 
coping. From all the cells, both those just commenced and those 
completed, being thus crovmed by a strong coping of wax, the bees 
can cluster and crawl over the comb without injuring the delicate 
hexagonal walls. These walls, as Professor Miller has kindly 
ascertained for me, vary greatly in thickness ; being, on an average 
of twelve measurements made near the border of the comb, of 
an inch in thickness; whereas the basal rhomboidal plates are 
thicker, nearly in the proportion of three to two, having a mean 
thickness, from twenty-one measurements, of w-lrr of an inch. By 
the above singular manner of building, strength is continually 
given to the comb, with the utmost ultimate economy of wax. 

It seems at first to add to the difficulty of understanding how 
the cells are made, that a multitude of bees all work together; one 
bee after working a short time at one cell going to another, so that, 
as Huber has stated, a score of individuals work even at the com- 
mencement of the first cell. I was able practically to show this 
fact, by covering the edges of the hexagonal walls of a single cell, 
or the extreme margin of the circumferential rim of a growing 
comb, with an extremely thin layer of melted vermilion wax ; and 
I invariably found that the colour was most delicately diffused by 
the bees — as delicately as a painter could have done it with his 
brush — by atoms of the coloured wax having been taken from the 
spot on which it had been placed, and worked into the growing 
edges of the cells all round. The work of construction seems to 
be a sort of balance struck between many bees, all instinctively 
standing at the same relative distance from each other, all trying 
to sweep equal spheres, and then building up, or leaving ungnawed, 
the planes of intersection between these spheres. It was really 
curious to note in cases of difficulty, as when two pieces of oomb 
met at an angle, how* often the bees would pull down and rebuild 
in different ways the same cell, sometimes recurring to a shape 
which they had at first rejected. 

When bees have a place on which they can stand in their proper 
positions for working , — for instance, on a slip of wood, placed 
directly under the middle of a comb growing downwards, so that 
the comb has to be built over one face of the slip — in this case the 
bees can lay the foundations of one wail of a new hexagon, in its 
strictly proper place, projecting beyond the other completed cells. 
It suffices that the be^ should be enabled to stand at their proper 
relative distances fifom «ch other and from the walls of the last 
completed ceHsi, aaod imaginarF spheres, they caff 
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build up a wall intermediate between two adjoining splieres ; but, 
r.3 far as I baTe seen, they never gnaw away and finish off the 
angles of a cell till a large part both of that cell and of the adjoin- 
ing cells has been built. This capacity in bees of laying do^ii 
under certain circumstances a rough wall in its proper place 
between two just-commenced cells, is iniportaiit, as it bears on a 
fact, which seems at first subversive of the foregoing theory; 
namely, that the cells on the extreme margin of wasp-combs are 
sometimes strictly hexagonal ; but I have not space here to enter 
on this subject. Kor does there seem to me any great difficulty in 
a single insect (as in the case of a queen-wasp) making hexagonal 
cells, if she 'were to work alternately on the inside and outside of 
two or three cells commenced at the same time, always standing 
at the proper relative distance from the parts of the cells just 
begun, sweeping spheres or cylinders, and building up intermediate 
planes. 

As natural selection acts only by the accumulation of slight 
modifications of structure or instinct, each profitable to the indi- 
vidual under its conditions of life, it may reasonably be asked, 
how a long and graduated succession of modified architectural 
instincts, all tending towards the present perfect plan of construc- 
tion, could have profited the progenitors of the hive-bee ? I think 
the answer is not difficult : cells constructed like those of the bee 
or the wasp gain in strength, and save much in labour and space, 
and in the materials of which they are constructed. With resjiect 
to the formation of wax, it is known that bees are often hard 
pressed to get sufficient nectar, and I am informed by Mr. Teget- 
meier that it has been experimentally proved that from twelve to 
fifteen pounds of dry su.gar are consumed by a hive of bees for the 
secretion of a pound of wax ; so that a prodigious quantity of fluid 
nectar must be collected and consumed by the bees in a hive for 
the secretion of the wax necessary for the construction of their 
combs. Moreover, many bees have to remain idle for many days 
during the process of secretion. A large store of honey is indis- 
pensable to support a large stock of bees during the winter ; and 
the security of the hive is known mainly to depend on a large 
number of bees being supported. Hence the saving of wax by 
largely saving honey and the time consumed in collecting the 
honey must be an important element of success to any family of 
bees. Of course the success of the specie may be dependent on 
the number of its enemies, or parasites, or on quite distinct causes, 
and so be altogether independent of the quantity of honey which 
the bees can collect. But let us suppose that this latter circum- 
sItoc© determined, as it probably often has determined, wheiher a 
bee allied to our humble-bees could exist in large numbem io wy 
country^ and let m further suppose that the jxjmmunity Jived 
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tliroHgli the winter, and consequently required a store of lioney: 
there can in this case be no doubt that it would be an adTantage 
to our imaginary humble-bee, if a slight modification in her instincts 
led her to make her waxen cells near together, so as to intersect a 
little; for a w-ali in common even to two adjoining ceils w-oiild save 
some little labour and wax. Hence it would continually be more 
and more advantageous to our humble-bees, if they were to make 
their cells more and more regular, nearer together, and aggregated 
into a mass, like the cells of the Melipona; for in this case a large 
part of the bounding surface of each cell would serve to bound the 
adjoining cells, and much labour and wax would be saved. Again, 
from the same cause, it would be advantageous to the Melipona, if 
she were to make her cells closer together, and more regular in 
every way than at present ; for then, as we have seen, the spherical 
surfaces would wholly disappear and be replaced by jJane surfaces ; 
and the Melipona would make a comb as perfect as that of the 
hive-bec. Beyond this stage of perfection in architecture, natural 
selection could not lead; for the comb of the hive-bee, as far 
as we can see, is absolutely perfect in economising labour and 
wax. 

Thus, as I believe, the most wonderful of all known instincts, 
that of the hive-bee, can be explained by natural selection having 
taken advantage of numerous, successive, slight modifications of 
simpler instincts , natural selection having, by slow degrees, more 
and more perfectly led the bees to sweep equal spheres at a given 
distance from each other in a double layer, and to build up and 
excavate the wax along the planes of intersection ; the bees, of 
course, no more knowing that they swept their spheres at one par- 
ticular distance from each other, than they know what are the 
several angles of the hexagonal prisms and of the basal rhombic 
plates ; the motive power of the process of natural selection having 
been the construction of cells of due strength and of the proper 
size and shaj^o for the larvae, this being effected with the greatest 
possible economy of labour and wax ; that individual swarm which 
thus made the best cells with least labour, and least waste of 
honey in the secretion of wax, having succeeded best, and having 
transmitted their newly acquired economical instincts to new 
swarms, winch in their turn will have had the best chance of suc- 
ceeding in the straggle for existence. 

Ohjeoiwfis to the, Theory of ITatural Selection as applied to 
Instincts: Neuter and Sterile Insects. 

It has been objected to the foregoing view of the origin of 
instincts that *Hhe variations of structure and of instinct must 
have been simultaneous and accurately adjusted to each other as 
It modification in the one without an immediate corresponding 
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clians’e in tli3 other would have been fatal.'* The force nf thi^ 
o!>jeij:tion rests entirely on the a-snmption that the changes i i tin 
instinct?, and strnetnre are abr ’’i'o tahe as an iiliirtration the 
ease of the larger titmouse (??rus major' alluded to in a previms 
chapter: this bird often holds the seeds of die yew beln'o...a its 
feet on a 1 branch, and hmiirner;? with its beak till it g-eis at the 
keroel. X'ow wli.tt special Jidiculty would there kn zti irit'iral 
sjlection preserving all the slight individiiai variations iii ilie 
shape of tlie beak, were better and. betic-r adapted to break 

open the seeds, until a beak was forniod, as well constructed for 
tliis purpose as that of the nut-hatch, at the same tiiiie that heJiit, 
or compulsion, or spontaneous variations of taste, led tlie bird to 
become more and more ox a seed-eater 1 In this cuae the beak is 
su})pos8d to be slowly modiiied by natural selection, subsequently 
to, but in accordance %/ith, slowly changing habits or taste ; but 
let the feet of the titmouse vary and grow larger from eorreiaiion 
with the beak, or from any other unknown cause, and it is not 
improbable that such larger feet would lead tlie bird to climb 
more and more until it acquired the remarkable climbing instinct 
and power of the nuthatch. In this case a gradual change of 
structure is supposed to lead to changed instinctive habits. To 
take one more case : few instincts are more remarkable than that 
which leads the swift of the Eastern Islands to make its nest wholly 
of inspissated saliva. Some birds build their nests of mud, believed 
to be moistened with saliva; and one of the swifts of North xlinerica 
makes its nest (as I have seen) of sticks agglutinated with saliva, 
and even with flakes of this substance. Is it then very improbable 
that the natural selection of individual swifts, which secreted more 
and more saliva, should at last produce a species with instincts 
leading it to neglect other materials, and to make its nest exclu- 
sively of inspissated saliva ? And so in other cases. It must, how- 
ever, be admitted that in many instances we cannot conjecture 
whether it was instinct or structure which first varied. 

No doubt many instincts of very difficult explanation could be 
opposed to the theory of natural selection — cases, in which we 
cannot see how an instinct could have originated ; cases, in which 
no intermediate gradations are known to exist ; cases of instincts 
of such trifling importance, that they could hardly have been acted 
on by natural selection ; cases of instincts almost identically the 
same in animals so remote in the scale of nature, that we cannot 
account for their similarity by inheritance from a common pro- 
genitor, and consequently must believe that they were indei^en- 
dently acquired through natural selection. I will not here enter 
on these several cases, but wOl confine myself to one special 
difficulty, wMch at first appeared to me insuperable, and actually 
fatal to. the whole theory, I allude to the neuters or sterile 
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females in insect-communities; for these neuters often differ 
widely in instinct and in structure from both the males and 
fertile females, and yet, from being sterile, they cannot propagate 
their kind. 

The subject well deserves to be discussed at grea.t length, but I 
will here take only a single case, that of working or sterile ants. 
How the workers have been rendered sterile is a difficulty; but 
not much greater than that of any other striking modification of 
structure; for it can be shown that some insects and other 
articulate animals in a state of nature occasionally become 
sterile; and if such insects had been social, and it had been 
profitable to the community that a number should have been 
annually born capable of work, but incapable of procreation, I 
can see no especial difficulty in this having been effected through 
natural selection. But I must pass over this preliminary difficulty. 
Tile great difficulty lies in the working ants differing widely from 
both the males and the fertile females in structure, as in the shape 
of the thorax, and in being destitute of wings and sometimes of 
eyes, and in instinct. As far as instinct alone is concerned, the 
wonderful difference in this respect between the workers and the 
perfect females, would have been better exemplified by the hive- 
bea If a working ant or other neuter insect had been an ordinary 
animal, I should have unhesitatingly assumed that all^ its 
characters had been slowly acquired through natural selection; 
namely, by individuals having been born with slight profitable 
modifications, which were inherited by the offspring ; and that 
these again varied and again were selected, and so onwards. But 
with the working ant we have an insect differing greatly from its 
parents, yet absolutely sterile; so that it could never have 
transmitted successively acquired modifications of structure or 
instinct to its progeny. It may well be asked how is it possible 
to reconcile this case with the theory of natural selection ‘i 

Hirst, let it be remembered that we have innumerable instances, 
both in our domestic productions and in those in a state of nature, 
of all sorts of differences of inherited structure which are corre- 
lated with certain ages, and with either sex. We have differences 
correlated not only vuth one sex, but with that short period when 
the reproductive system is active, as in the nuptial plumage of 
many birds, and in the hooked jaws of the male salmon. We 
have even slight differences in the horns of different breeds of 
cattle in relation to an artificially imperfect state of the male sex ; 
for oxen of certain breeds have longer horns than the oxen of other 
breeds, relatively to the length of the horns in both the bulls and 
cows of these SMae breetis. Hence I can see no great difficulty in 
any character becoming ccmrelated with the sterile condition of 
certain members of insect^conmimities ; the difficulty lies in 
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understanding^ liow Fiiicli correlated modifications of strnetiira 
could Iiavc been .slowly accumulated by natural selection. 

This di'iiciilty, tliouyli aiipearing insuperable, is iesbened, or, as 
I believe, disappevUrs, when it is remembered that selection ;nay 
be api)lied to tlie family, as well as to tlie individual, and may 
thus gain tlie desired end. Breeders of cattle wish the iiesh and 
feat to be well marbled together : an animal thus characterised has 
been slaughtered, but the breeder has gone with confidence to the 
same stock and lias succeeded. Such faith may be placed in the 
power of selection, that a breed of cattle, always yielding oxen 
with extraordinarily long horns, could, it is probable, be formed 
by carefully wateliing which indi\ndual bulls and cows, when 
matched, produced oxen with the longest horns ; and yet no one 
os would ever have propagated its kind. Here is a better and 
real illustration : according to M. Verlot, some varieties of the 
double annual Stock from having been long and carefully selected 
to the right degree, always produce a large proportion of seedlings 
bearing double and quite sterile flowers ; but they likewise yield 
some single and fertile plants. These latter, by which alone the 
variety can be propagated, may be compared with the fertile male 
and female ants, and the double sterile plants with the neuters of 
the same community. As with the varieties of the stock, so with 
social insects, selection has been applied to the family, and not to 
the individual, for the sake of gaining a serviceable end. Hence 
we may conclude that slight modifications of structure or of 
instinct, correlated with the sterile condition of certain members 
of the community, have proved advantageous : consequently the 
fertile males and females have flourished, and transmitted to their 
fertile oifspring a tendency to produce sterile members with the 
same modifications. This process must have been repeated many 
times, until that prodigious amount of difference between the fertile 
and sterile females of the same species has been produced, which 
we see in many social insects. 

But we have not as yet touched on the acme of the difficulty; 
namely, the fact that the neuters of several ants differ, not only 
from the fertile females and males, but from each other, sometimes 
to an almost incredible degree, and are thus divided into two or 
even three castes. The castes, moreover, do not commonly 
graduate into each other, but are perfectly well defined; being as 
distinct from each other as are any two species of the same genus, 
or* rather as any two genera of the same family. Thus in Eciton, 
there are working and soldier neuters, with jaws and instincts 
extraordinarily different : in Cryptoceras, the workers of one caste 
alone carry a wonderful sort of shield on their heads, the use of 
which is quite unknown : in the Mexican Myrmeoocystn^ the 
of one caste never leave the nest; they are fed the 
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workers of another caste, and they have an enormously developed 
abdomen which secretes a sort of honey, supplying the place of 
that excreted by the aphides, or the domestic cattle as they may 
be called, which our European ants guard and imprison. 

It will indeed be thought that I have an overweening confidence 
in the principle of natui-ai selection, when I do not admit that 
STich wonderful and well-established facts at once annihilate the 
theory. In the simpler case of neuter insects all of one caste, 
which, as I believe, have been rendered different from the fertile 
males and females through natural selection, we may conclude 
from the analogy of ordinary variations, that the successive, 
slight, profitable modifications did not first arise in all the 
neuters in the same nest, but in some few alone; and that by 
the survival of the communities with females which produced 
most neuters having the advantageous modification, all the 
neuters ultimately came to be thus characterised. According to 
this view we ought occasionally to find in the same nest neuter 
insects, presenting gradations of structure; and this we do find, 
even not rarely, considering how few neuter insects out of Europe 
have been carefully examined. Mr. F. Smith has shovTi that the 
neuters of several British ants differ surprisingly from each other 
in size and sometimes in colour ; and that the extreme forms can 
be linked together by individuals taken out of the same nest : I 
have myself compared perfect gradations of this kind. It some- 
times happens that the larger or the smaller sized workers are the 
most numerous; or that both large and small are numerous, 
whilst those of an intermediate size are scanty in numbers. 
Formica fiava has larger and smaller workers, with some few of 
intermediate size; and, in this species, as Mr. F. Smith has 
observed, the larger workers have simple eyes (ocelli), which 
though small can be plainly distinguished, whereas the smaller 
workers have their ocelli rudimentary. Having carefully dis- 
sected several specimens of these workers, I can affirm that the 
eyes are far more rudimentary in the smaller workers than can be 
accounted for merely by their proportionally lesser size; and I 
fully believe, though I dare not assert so positively, that the 
workers of intermediate size have their ocelli in an exactly inter- 
mediate condition. So that here we have two bodies of sterile 
workers in the same nest, differing not only in size, but in their 
organs of vision, yet connected by some few members in an 
intermediate condition. I may digress by adding, that if the 
smaller workers had been the most useful to the community, and 
those males and females had been continually selected, which 
produced more and more of the smaller workers, until all the 
workers were in this condition; we should then have had a 
species of ant with neuters in nearly the same condition as those 
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of ]^Iyriiiica. For the workers of !Myrmica lia%*e not even radi- 
ments of ocelli, though the male and female ants of this genus 
have well-developed ocelli. 

I may give one other case : so eoRhdently did I expect occasionally 
to find gradations of important structures between the different 
castes of neuters in the same species, that I gladly availed myself 
of F. Smith’s o^er of numerous specimens from the same neit 
of the driver ant (Anomma) of West Africa. The reader vill 
perhaps }3e3t appreiCiate the amount of dilference in these workers, 
by my giving not the actual measurements, but a strictly accurate 
illustration: the difference was the same as if we ■were to see a 
set of w’orknien building a liouse, of whom many were five feet 
four inches high, and many sixteen feet high; but w^e must in 
addition suppose that the larger workmen had heads four instead 
of three times as big as those of the smaller men, and jaws nearly 
five times as big. The jaws, moreover, of the working ants of the 
seveml sizes differed -wonderfully in shape, and in the form and 
number of the teeth. But the important fact for us is, that, 
though the workers can be grouped into castes of different sizes, 
yet they graduate insensibly into each other, as does the widely- 
different structure of their jaws. I speak confidently on this 
latter point, as Sir J. Lubbock made drawings for me, with the 
camera lucida, of the jaws which I dissected from the workers of 
the several sizes. Mr. Bates, in his interesting ‘ Naturalist on the 
Amazons,’ has described andogous cases. 

With these facts before me, I believe that natural selection, by 
acting on the fertile ants or parents, could form a species which 
should regularly produce neuters, all of large size with one form 
of ja-w, or all of small size with widely different jaws ; or lastly, 
and this is the greatest dfficulty, one set of workers of one size 
and structure, and simultaneously another set of workers of a 
different size and structure ; — a graduated series ha'ving first been 
formed, as in the case of the driver ant, and then the extreme 
forms having been produced in greater and greater numbers, 
through the survival of the parents which generated them, until 
none with an intermediate structure were produced. 

An analogous explanation has been given by Mr, Wallace, of 
the equally complex case, of certain Malayan Butterflies regularly 
appearing under two or even three distinct female forms ; and by 
Fritz Muller, of certain Brazilian crustaceans likewise appearing 
under two vddely distinct male forms. But this subject need not 
here be discussed. 

I have now explained how, as I believe, the wmnderful fact of 
two distinctly defined castes of sterile workers existing in the 
same nesl^ both widely different from each other and from l^ieir 
parents^ originated We can see how useful their production 
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may iiaTe been to a social community of ante, on tbe same 
principle that the division of labour is useful to civilised man. 
Ants, however, work by inherited instincts and by inherited 
organs or tools, w’hilst man works by acquired knowledge and 
manufactured instruments. But I must confess, that, with all 
my faith in natural selection, I should never have anticipated 
that this principle could have been efficient in so high a degree, 
had not the case of these neuter insects led me to this conclusion. 
I have, therefore, discussed this case, at some little but wholly 
insufficient length, in order to show the power of natural selection, 
and likewise because this is by far the most serious special 
difficulty which my theory has encountered. The case, also, is 
very interesting, as it proves that vdth animals, as with plants, 
any amount of modification may be effected by the accumulation 
of numerous, slight, spontaneous variations, which are in any way 
profitable, without exercise or habit having been brought into 
play. For peculiar habits confined to the workers or sterile 
females, however long they might be followed, could not possibly 
affect the males and fertile females, which alone leave descendants. 
I am surprised that no one has hitherto advanced this demonstra- 
tive case of neuter insects, against the well-known doctrine of 
inherited habit, as advanced by Lamarck. 

Summary, 

I have endeavoured in this chapter briefly to show that the 
mental qualities of our domestic animals vary, and that the 
variations are inherited. Still more briefly I have attempted to 
show that instincts vary slightly in a state of nature. No one 
will dispute that instincts are of the highest importance to each 
animal. Therefore there is no real difficulty, under changing 
conditions of life, in natural selection accumulating to any extent 
slight modifications of instinct which are in any way useful. In 
many cases habit or use and disuse have probably come into play. 
I do not pretend that the facts given in this chapter strengthen in 
any great degree my theory; but none of the cases of difficulty, to 
the best of my judgment, annihilate it. On the other hand, the 
fact that instincts are not always absolutely perfect and are liable 
to mistakes : — that no instinct can be shown to have been produced 
for the gcx>d of other animals, though animals take advantage of 
the instincts of others; — that the canon in natural history, of 
‘‘Natuia non facit salturn,” is applicable to instincts as well as 
to corporeal structure, and is plainly explicable on the foregoing 
views, but is otherwise inexplicable, — all tend to corroborate the 
theoiy of natural seiection- 

This theory is also streng^ened by some few other fa^ts in 
regard to instincts; as that common case of closely allied, but 
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distinct, species, Wiieii innabitin^ distani parts of tlie '^’orld and 
living under considerably diiferent conditions of life, yet often 
retaining nearly tlie same instincts. For instance, we can under- 
stand, on tlie principle of inlieritance, liow it is that the tlinxsli 
of trojdcal South America lines its nest with mud, in the same 
peculiar manner as does our British thrush; how it is that the 
Hornbills of Africa and India have the same extraordinary instinct 
of plastering up and imprisoning the females in a hole in a tree, 
with only a small hole left in the plaster through which the males 
feed them and their young when hatched ; how it is that the male 
wrens (Troglodytes) of North America build “ cock-nests,” to roost 
in, like the males of our Kitty-wrens, — a habit wholly unlike that 
of any other known bird. Finally, it may not be a logical deduction, 
but to my imagination it is far more satisfactory to look at such 
instincts as the young cuckoo ejecting its foster-brothers, — ants 
making slaves, — the larvae of ichneumonidae feeding within the 
live bodies of caterpillars, — ^not as specially endowed or created 
instincts, but as small consequences of one general law leading to 
the advancement of all organic beings, — namely, multiply, vary, 
let the strongest live and the weakest die. 


CHAPTEE IX. 

Hybeidism. 

Distinction between the sterility of first crosses and of hybrids — Sieril% 
various in degree, not universal, aficcted by close interbreeding, ramoved 
by dome-stication — Laws goveroing the sterility of hybrids— S&lity not 
a special endowment, but incidenm on other differences, not acenmmated 
by natural selection — Causes of the steriliiy of first crosses and of hybrids 
— Parallelism between the effects of changed conditions of life and of 
crossing — Dimorphism and trimorphism — Fertility of varieties when 
crossed and of their monOTel offspring not nniveraal — Hybrids and 
mongrels compared indepenaratly of their fertility — Summary. 

The view commonly entertained by naturalists is that specif 
when intercrossed, have been specially endowed with sterility, in 
order to prevent their confusion. This view certainly seems at 
first highly probable, for species living together could hardly have 
been kept distinct had they been capable of freely crossing. The 
subject is in many ways important for us, more especially as ike 
.sterility of species when fii^ crossed, and that of their hybrid 
offspring, cannot have been acquired, as I shall show, by 
pr^ervalion of snoc^Mve profitable d^e^ of sterililgr*, It is an 
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incidental result of differences in the reproductive systems of the 

parent-species. 

In treating tills subject, two classes of facts, to a large extent 
fundamentally ditferent, have generally been confounded ; namely, 
the sterility of species when first crossed, and the sterility of the 
hybrids produced from them. 

Pure species have of course their organs of reproduction in a 
perfect condition, yet when intercrossed they produce eitlier few 
or no olfspring. Hybrids, on the other hand, have their i^epro- 
ductive organs functionally impotent, as may be clearly seen in 
the state of the male element in both plants and animals ; though 
the formative organs themselves are perfect in structure, as far 
as the microscope reveals. In the first case the two sexual 
elements which go to form the embryo are perfect ; in the second 
case they are cither not at all developed, or are imperfectly 
developed. This distinction is important, when the cause of the 
sterility, which is common to the two co-ses, has to be considered. 
The distinction probably has been slurred over, owing to the 
sterility in both cases being looked on as a special endowment, 
beyond the province of our reasoning powers. 

The fertility of varieties, that is of the forms known or believed 
to be descended from common parents, when crossed, and likevdse 
the fertility of their mongrel offspring, is, with reference to my 
theory, of equal importance with the sterility of species; for it 
seems to make a broad and clear distinction between varieties 
and species. 

Degrees of Sterility, — First, for the sterility of species when 
crossed and of their hybrid offspring. It is impossible to study 
the several memoirs and works of those two conscientious and 
admirable observers, Kolreuter and Gartner, "who almost devoted 
their lives to this subject^ without being deeply impressed with 
the high generality of some degree of sterility. Kolreuter makes 
the rale universal ; but then he cuts the knot, for in ten cases in 
which he found two forms, considered by most authors as distinct 
specif quite fertile together, he unhesitatingly ranks them as 
varieties, Gartner, also, makes the rule equdly universal; and 
he disputes the entire fertility of Kolreuter’s ten cases. But in 
these and in many other cases, Gartner is obliged carefully to 
count the seeds, in order to show that there is any degree of 
sterility. He always compares the maximum number of seeds 
produced by two species when first crossed, and the maximum 
produced by their hybrid offspring, with the average number pro- 
duced by both pure parent-species in a state of nature. But 
causes of serious error here intervene : a plant, to be hybridised, 
must be castrated, and, what is often more important, must be 
secluded in order to preTent pollen being brought to it by insects 
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from other plants. Xearly all the plants experimented on by 
Gartner were potted, and were kept in a chamber in lii.s house. 
That those processes are often injurious to the fertility of a plant 
cannot be doubted ; for Gartner gives in his table about a score of 
cases of plants which he castrated, and artiticiallsj* fertilised with 
their own pollen, and (excluding all cases such as the Leguminosin, 
in which there is an acknowledged difficulty in the manipulation) 
half of these twenty plants had their fertility in some degree 
impaired. Moreover, as Gartner repeatedly crossed some forms, 
such as the common red and ])lue pimpernels (Anagaliis arvensis 
and ccenilea), wliich the best botanists rank as varieties, and 
found them absolutely sterile, w^e may doubt whether many 
species are really so sterile, wffien intercrossed, as he believed. 

It is certain, on the one hand, that the sterility of various 
species when crossed is so different in degree and graduates away 
so insensibly, and, on the other hand, that the fertility of pure 
species is so easily affected by various circumstances, that for all 
practical purposes it is most difficult to say where perfect 
fertility ends and sterility begins. I think no better evidence of 
this can be required than that the two most experienced observers 
who have ever lived, namely Kolreuter and Gartner, arrived at 
diametrically opposite conclusions in regard to some of the very 
same forms. It is also most instructive to compare — but I have 
not space here to enter into details — ^the evidence advanced by 
our best botanists on the question whether certain doubtful forms 
should be ranked as species or varieties, wth the evidence from 
fertility adduced by different hybridisers, or by the same observer 
from experiments made during different years. It can thus be 
showm that neither sterility nor fertility affords any certain dis- 
tinction between species and varieties. The evidence from this 
source graduates away, and is doubtful in the same degree as 
is the evidence derived from other constitutional and structural 
differences. 

In regard to the sterility of hybrids in successive generations ; 
though Gartner was enabled to rear some hybrids, carefully 
guarding them from a cross with either pure parent, for six or 
seven, and in one case for ten generations, yet he asserts positively 
that their fertility never increases, but generally decreases greatly 
and suddenly. With respect to this decrease, it may first be 
noticed that 'when any deviation in structure or constitution is 
common to both parents, this is often transmitted in an aug- 
mented degree to the offspring; and both sexual elements in 
hybrid plants are already affected in some degree. But I believe 
that their fertility has been diminished in nearly all these cases 
by an independent cause, namely, by too close interbreeding. I 
have made so many experiments and collected so many ictsb 
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showing on tlie one hand that an occasional cross with a distinct 
individual or variety increases the vigour and fertility of the 
offspring, and on the other hand that very close interbreeding 
lessens their vigour and fertility, that I cannot doubt the correct- 
ness of this conclusion. Hybrids are seldom raised by experi- 
mentalists in great numbers; and as the parent-species, or other 
allied hybrids, generally grow in the same garden, the visits of 
insects must be carefully prevented during the flowering season : 
hence hybrids, if left to themselves, will generally be fertilised 
during each generation by pollen from the same flower ; and this 
would probably be injurious to their fertility, already lessened by 
their hybrid origin. I am strengthened in this conviction by a 
remarkable statement repeatedly made by Gartner, namely, that 
if even the less fertile hybrids be artificially fertilised ■with hybrid 
pollen of the same kind, their fertility, notwithstanding the 
frequent ill efiects from manipulation, sometimes decidedly 
increases, and goes on increasing. Now, in the process of 
artificial fertilisation, pollen is as often taken by chance (as I 
know from my O'wn experience) from the anthers of another 
flower, as from the anthers of the flower itself which is to be 
fertilised ; so that a cross between two flowers, though probably 
often on the same plant, would be thus eftected. Moreover, 
whenever complicated experiments are in progress, so careful an 
observer as Gartner would have castrated Ms hybrids, and this 
would have ensured in each generation a cross with pollen from 
a distinct flower, either from the same plant or from another jAant 
of the same hybrid na|;ure. And thns, the strange fact of an 
increase of fertility in the successive generations of atti/icmU^ 
fertilised hybrids, in contrast with those si>ontaneously seif-fer- 
tilised, may, as I believe, be accounted for by too close inter- 
breeding having been avoided. 

Now let us turn to the results arrived at by a third most 
experienced hybridiser, namely, the Hon. and Kev. W. Herbert. 
He is as emphatic in his conclusion that some hybrids are perfectly 
fertile — as fertile as the pure parent-species — as are Kolreuter and 
Q&rtner that some degree of sterility between distinct species is a 
universal law of nature. He experimented on some of the very 
same species as did Gartner. The difference in their results may» 
I think, be in part accounted for by Herbert’s great horticultural 
skill, and by his having hot-houses at his command. Of his many 
important statements I will here give only a single one as an 
example, namely, that “ every ovule in a pexi of Crinum capense 
fertilised by C. revolutum produced a plant, which I never saw to 
occur in a case of its na'fcuM fecundation.” So that here we have 
perfect or even more than commonly perfect fertility, in a first 
cross between two disfctet speem 
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Tills case of the Crinmn leads me to refer to a singular fact, 
namely, that individual xdants of certain siiecios of Lobelia, 
Terbasciim and Passidora, can easily be fertilised by pollen from 
a distinct species, but not by pollen from the same plant, though 
this pollen can be proved to be perfectly sound by fertilising other 
plants or species. In the genus Hi^ipeastruin, in Corydalis as 
shown by Professor Hildebrand, in various orcMds as shown by 
Mr. Scott and Fritz Muller, all the individuals are in this peculiar 
condition. So that with some species, certain abnormal in- 
dividuals, and in other species all the individuals, can actually 
be hybridised much more readily than they can be fertilised by 
pollen from the same individual plant 1 To give one instance, a 
bulb of Hippeastram aulicum produced four flowers ; three were 
fertilised by Herbert with their own pollen, and the fourth %vas 
subsequently fertilised by the pollen of a compound hybrid 
descended from three distinct species: the result was that 
“ the ovaries of the three first flowers soon ceased to grow, and 
after a few days perished entirely, whereas the pod impreg- 
nated by the pollen of the hybrid made vigorous growth and 
rapid progress to maturity, and bore good seed, which vegetated 
freely.” Mr. Herbert tried similar experiments during many years, 
and always with the same result. These cases serve to shoAv on 
what slight and mysterious causes the lesser or greater fertility of 
a species sometimes depends. 

The practical experiments of horticulturists, though not made 
with scientific precision, deserve some notice. It is notorious in 
how complicated a manner the species of Pelargonium, Fuchsia^ 
Calceolaria, Petunia, Rhododendron, &c., have been crossed, yet 
many of these hybrids seed freely. For instance, Herbert asserts 
that a hybrid from Calceolaria integrifolia and plantaginea, species 
most widely dissimilar in general habit, “reproduces itself as 
perfectly as if it had been a natural species from the mountains 
of Chili.” I have taken some pains to ascertain the degree of 
fertility of some of the complex crosses of Rhododendrons, and 
I am assured that many of them are perfectly fertile. Mr. C. 
Hoble, for instance, informs me that he raises stocks for grafting 
from a hybrid between Rhod. ponticum and catawMense, and that 
this hybrid “ seeds as freely as it is possible to imagine.” Had 
hybrids, when fairly treated, always gone on decreasing in fertility 
in each successive generation, as Gartner believed to be the case^ 
the fact would have been notorious to nurserymen. Horticul- 
turists raise large beds of the same hybrid, and such alone are 
Mrly treated, for by insect agency tie several individuals are 
allowed to cross freely with each other, and the injurious 
infltfene© of dose interbreeding is thus prevented. Any one may 
lipMidf ol the efficiency of ia»ct-ageiw^ by 
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examining tlie flowers of the more sterile kinds of hybrid Ehodo- 
dendrons, which produce no pollen, for he will find on their 
stigmas plenty of pollen brought from other flowers. 

In regard to animals, much fewer experiments have been care- 
fully tried than with plants. If our systematic arrangements can 
be trusted, that is, if the genera of animals are as distinct from 
each other as are the genera of plants, then we may infer that 
animals more widely distinct in the scale of nature can be crossed 
more easily than in the case of plants ; but the hybrids themselves 
are, I think, more sterile. It should, however, be borne in mind 
that, owing to few animals breeding freely under confinement, 
few experiments have been fairly tried : for instance, the canary- 
bird has been crossed with nine distinct species of finches, but, as 
not one of these breeds freely in confinement, we have no right to 
expect that the first crosses between them and the canary, or that 
their hybrids, should be perfectly fertile. Again, with respect to 
the fertility in successive generations of the more fertile hybrid 
animals, I hardly know of an instance in which two families of 
the same hybrid have been raised at the same time from different 
parents, so as to avoid the ill effects of close interbreeding. On the 
contrary, brothers and sisters have usually been crossed in each 
successive generation, in opposition to the constantly repeated 
admonition of every breeder. And in this case, it is not at all 
surprising that the inherent sterility in the hybrids should have 
gone on increasing. 

Although I know of hardly any thoroughly well-authenticated 
cases of perfectly fertile hybrid animals, I have reason to believe 
that the hybrids from Cervulus vaginalis and Keevesii, and from 
Phasianus colchicus with P. torquatus, are perfectly fertile. M. 
Quatrefages states that the hybrids from two moths (Bombyx 
cynthia and arrindia) were proved in Paris to be fertile inter m 
for eight generations. It has lately been asserted that two such 
distinct species as the hare and rabbit, when they can be got to 
breed together, produce offspring, which are highly fertile when 
crossed with one of the parent-species. The hybrids from the 
common and Chinese geese (A. cygnoides), species which are so 
different that they are generally ranked in distinct genera, have 
often bred in this country with either pure parent^ and in one 
single instance they have bred inter se. This was effected by Mr. 
Eyton, who raised two hybrids from the same p^ents, but from 
different hatches; and from these two birds he raised no less than 
eight hybrids (grandchildren of the pure geese) from one nest. In 
India, however, these cross-bred geese must be far more fertile; 
for I am assur^ by two eminently capable judges, namely Mr. 
Blyth and Capt. Hutton, that whole flocks of these crossed geese 
are kept in various parts of the country; and as they are kept for 
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3-rofIt, wliere neither pure parent-species exists, they iiiusl certainly 
L'j lii; 4 liiy or perfectly fertile. 

our domestic It ?d animals, tlie various races viieii crossed 
together are quite fertile; j*et in many cases they are desceiitled 
from two or more wild species. From this fact we must conclude 
either that the aboriginal parent-specks at first produced perfectly 
fertile hybrids, or that the hybrids subsequently reared under 
domestication became quite fertile. This latter adternative, 
which was first propounded by Pallas, seems by far the most 
3»robable, and can, indeed, hardly be doubted. It is, for instauee, 
almost certain that our do3:s are descended from several wild 
stocks; yet, with perhaps the exception of certain indigenous 
domestic dogs of South America, all are quite fertile together; 
but analo.g5^ makes me greatly doubt, whether the several abori- 
ginal species would at first have freely bred together and have 
produced quite fertile liybridj. So again I have lately acquired 
decisive evidence that the crossed ofisi>ring from the Indian 
humped and common cattle are mter sc perfectly fertile; and 
from the observations by Paitimeyer on their im]»ortaiit osteo- 
logical differences, as well as from those by hir. Blyth on their 
difierences in halDits, voice, constitution, d:c., these two forms 
must be regarded as good and distinct .species. The same remarks 
may be extended to the two chief races of the pig. We must, 
therefore, either gi've up the belief of the universal sterility of 
species when cro'^sed ; or we must look at this sterility in aniinal&s 
not as an indelible characteristic, but as one capable of being 
removed by domestication. 

Finally, considering all the ascertained facts on the inter- 
crossing of plants and animals, it may be concluded that some 
degree of sterility, both in first crosses and in hybiids, is an 
extremely general result; but that it cannot, under our present 
state of knowledge, be considered as absolutely universal. 

Laws goveminff the Sterility ofjir&t Crosses afid of Hybrids. 

We will now consider a little more in detail the laws governing 
the sterility of first crosses and of hybrids. Our chief object will 
be to see whether or not these laws indicate that species have 
been specially endowed mth this quality, in order to prevent 
their crossing and blending together in utter confusion The 
following conclusions are drawn up chiefly from Gartner’s ad- 
mirable work on the hybridisation of plants. I have taken much 
pains to ascertain how far they apply to animals, and, considering 
how scanty our knowledge is in regard to hybrid animals, I have 
been surprised to And how generally the same rules apply to both 
kingdoms. 

It has been already remarked,! that the degree of fertility, both 

a 



226 LAWS GOVEEOTNG THE STERILITY [Chap. I3C 

of first crosses and of hybrids, graduates from sero to perfect 
fertility. It is surprising in how many curious ways this 
gradation can be shown ; but only the barest outline of the facts 
can here be given. When pollen from a plant of one family is 
placed on the stigma of a plant of a distinct family, it exerts no 
more influence than so much inorganic dust. From this absolute 
zero of fertility, the poEen of different species applied to the 
stigma of some one species of the same genus, yields a perfect 
gradation in the number of seeds produced, up to nearly complete 
or even quite complete fertility ; and, as we have seen, in certain 
abnormal cases, even to an excess of fertility, beyond that which 
the plant’s own pollen produces. So in hybrids themselves, there 
are some which never have produced, and probably never would 
produce, even inth the pollen of the pure parents, a single fertile 
seed : but in some of these eases a first trace of fertility may be 
detected, by the pollen of one of the pure parent-species causing 
the flower of the hybrid to wither earlier than it otherwise would 
have done ; and the early withering of the flower is well kno\TO to 
be a sign of incipient fertilisation. From this extreme degree of 
sterility we have self-fertilised hybrids producing a greater and 
greater number of seeds up to perfect fertility. 

The hybrids raised from two species which are very diificult to 
cross, and which rarely produce any offspring, are generally very 
sterile ; but the parallelism between the difficulty of making a first 
cross, and the sterflity of the hybrids thus produced — two classes 
of facts which are generally confounded together— is by no means 
strict. There are many cases, in which two pure species, as in the 
genus Verbascum, can be united with unusual facility, and 
produce numerous hybrid-offsprihg, yet these hybrids are re- 
markably sterile. On the other hand, there are species which can 
be crossed very rarely, or with extreme difficulty, but the hybrids, 
when at last produced, are very fertile. Even within the limits 
of the same genus, for instance in Dianthus, these two opposite 
cases occur. 

The fertility, both of first crosses and of hybrids, is more easily 
affected by unfavourable conditions, than is that of pure species. 
But the fertility of first crosses is likewise innately variable; for 
it is not always tbe same in degree when the same two species are 
crossed under the same circumstances ; it depends in part upon the 
constitution of the individuals which happen to have been chosen 
for the experiment. So it is with hybrids, for their degree of 
fertility is often found to differ greatly in the several individuals 
raised from seed out of the same capsule and exposed to the same 
conditions. 

By the term systematic affinity is meant, the general resem 
blanee between species in sttucture and constitution. How th# 
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fertility of nrst crosses, and of the hybrids produced from them, 
is largely goYcriied by their systematic aiSnity. This is clearly 
sliOAYii by hybrids never having been raised batveeii species 
ranked by systemausts in distinct families; and on the oilier 
lic^rxl, 1iy very closely allied species generally uniting with facility. 
But the correspondence between systematic ahinity and the 
facility of crossing is by no means strict. A mulritiide of cases 
could h'3 given of very closely allied species wliicli -^ill not unite, 
or only with extreme difiicuity ; and on the other hand of very 
distinct species which unite with the utmost facility. In the 
same family there maj* be a germs, as Dianthus, in which very 
manj’ species can most readily be crossed ; and another genus, as 
Silerie, in which the mo»t x^ersevering eiforts have failed to produce 
between extremely close species a single hybrid. Even ■within the 
limits of the same genus, we meet with this same difierence ; for 
instance, the many species of Xieotiana have been more largely 
crossed than the species of almost any other genus ; but Gartner 
found that isT. acuminata, which is not a particularly distinct 
species, obstinately failed to fertilise, or to be fertilised by no 
less than eight other species of Xieotiana. Many analogous facts 
could be given. 

No one has been able to point out what kind or -what amount of 
ditference, in any recognisable character, is sufficient to prevent 
two species crossing. It can be sho^vn that plants most mdely 
different in habit and general appearance, and having strongly 
marked differences in every part of the flower, even in the pollen, 
in the fruit, and in the cotyledons, can be crossed. Annual and 
perennial plants, deciduous and evergreen trees, plants inhabiting 
diff*erent stations and fitted for extremely different climates, can 
often be crossed mth ease. 

By a reciprocal cross between two species, I mean the case, for 
instance, of a female-ass being first crossed by a stallion, and then 
a mare by a male-ass ; these two species may then be said to have 
been reciprocally crossed. There is often the widest possible 
difference in the facility of making reciprocal crosses. Such 
cases are highly important, for they prove tiiat the capacity in 
any two species to cross is often completely independent of their 
systematic affinity, that is of any difference in their structure 
or constitution, excepting in their reproductive systems. The 
diversity of the result in reciprocal crosses between the same 
two species was long ago observed by Kolreuter. To give an 
instance: Mirabilis jSiapa can easily be fertilised by the pollen 
of M. longiflora, and the hybrids thus produced are sufficiently 
fertile ; but Hbireuter tried more than two hundred times, during 
eight following years, to fertilise reciprocally M. longiflora with 
the poli« of M, utterly faffed# Seyersff oQier ©qimlll 
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striking cases could be given. Tbiiret lias observed tlie same fact 
■with certain sea-weeds or Fiici. Gartner, moreover, found that 
this difference of facility in making reciprocal crosses is extremely 
common in a lesser degree. He has observed it even between 
closely related forms (as Matthiola annna and glabra) which 
many botanists rank only as varieties. It is also a remarkable 
fact, that hybrids raised from reciprocal crosses, though of course 
compounded of the very same two species, the one species having 
first been used as the father and then as the mother, though they 
rarely differ in external characters, yet generally differ in fertility 
in a small, and occasionally in a high degree. 

Several other singular rules could he given from Gartner: for 
instance, some species have a reniarkahie power of crossing with 
other species ; other species of the same genus have a remarkable 
power of impressing their likeness on their hjj'brid offspring; but 
these two powers do not at all necessarily go together. There are 
certain hybrids which, instead of having, as is usual, an inter- 
mediate cliaracter between their two parents, always closely 
rescinble one of them; and such hybrids, though externally so 
like one of their pure parent-species, are \rith rare exceptions 
extremely sterile. So again amongst hybrids which are usually 
intermediate in structure between their parents, excejitional and 
abnormal individuals sometimes are born, which closely resemble 
one of their pure parents; and these hybrids are almost ahvays 
utterly sterile, even w’-hen the other hybrids raised from seed 
from the same capsule have a considerable degree of fertility. 
These facts show how completely the fertility of a hybrid 
may be independent of its external resemblance to either pure 
parent. 

Considering the several rules now given, which govern the 
fertility of first crosses and of hybrids, we see that when forms, 
which must be considered as good and distinct species, are united, 
their fertility graduates from zero to perfect fertility, or even to 
fertility under certain conditions in excess; that their fertility, 
besides being eminently susceptible to favourable and unfavour- 
able conditions, is innately variable; that it is by no means always 
the same in degree in the first cross and in the hybrids produced 
from this cross ; that the fertility of hybrids is not related to the 
degree in which they resemble in external appearance either 
parent ; and lastly, that the facility of making a first cross between 
any two species is not always governed by their systematic affinity 
or degree of resemblance to each other. This latter statement is 
clearly proved by the difference in the result of reciprocal crosses 
between the same two species, for, according as the one species or 
the other is used as the father or the mother, there is generally 
come difference, and occasionally the widest possible difference, in 
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tlie facility of effecting an union. The hybrid'^, more over, vto - 
duced from reciprocal croot'es often differ in fertility. 

Xow do these complex and singular rales indicate tlial species 
have been endowed with sterility simply to tirevent their bee ‘c.iing 
confounded in nature ? I tliinh not. For why should the steiilhy 
be so extremely diiferent in degree, vrhen various species are cros' eel, 
all of which we must sunpotee it would be equally important to 
keep from hlendiii" together ? bYhy should the degree of sterility 
be innately viriable in the individuals of the same si^ecics ? bVliy 
should some species cross with facility, and yet iwoduce very sterile 
In’brids ; and other species cross with extreme difficulty, and yet 
produce fairly fertile hybrids'? "^liliy should there often be so 
great a difference in the result of a reciprocal cross between the 
same two species ? "^Thy, it may even be asked, has the produc- 
tion of hybrids been permitted ? To grant to species the special 
power of producing hj'brids, and then to stop their further pro- 
pagation by different degrees of sterility, not strictly related to 
the facility of the first union between their parents, seems a 
strange arrangement. 

The foregoing rules and facts, on the other hand, appear to me 
clearly to indicate that the sterility both of first crosses and of 
hybrids is simply incidental or dependent on unknown differences 
in their reproductive systems ; the differences being of so peculiar 
and limited a nature, that, in reciprocal crosses between the same 
two species, the male sexual element of the one ■vnii often freely 
act on the female sexual element of the other, but not in a reversed 
direction. It will be advisable to explain a little more fully by an 
example what I mean by sterility being incidental on other differ- 
ences, and not a specially endowed quality. As the capacity of 
one plant to be grafted or budded on another is unimportant for 
their welfare in a state of nature, I presume that no one will 
suppose that this capacity is a specially endowed quality, but 
admit that it is incidental on differences in the laws of growth of 
the two plants. We can sometimes see the reason why one tree 
will not take on another, from differences in their rate of growth, 
in the hardness of their wood, in the period of the flow or nature 
of their sap, &c. ; but in a multitude of cases we can assign no 
reason whatever. Great diversity in the si^e of two plants, one 
being woody and the other herbaceous, one being evergreen and 
the other deciduous, and adaptation to widely different climates, 
do not always prevent the two grafting together. As in hybridisa- 
tion, so with grafting, the capacity is limit^ by systematic affinity, 
for no one has been able to graft together trees belonging to quite 
distinct families; and, on the other hand, closely allied species, 
and varieties of the same species, can usually, but not invariably, 
he grafted with ease. But this capacity, as in hybridisation, is by 
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no means absolutely governed by systematic affinity. Altbougb 
many distinct genera mtMn the same family have been grafted 
together, in other eases species of the same genus will not take on 
each other. The pear can be grafted far more readily on the quince, 
which is ranked as a distinct genus, than on the apple, which is a 
member of the same genus. Even different varieties of the pear 
take with different degrees of facility on the quince ; so do different 
varieties of the apricot and peach on certain varieties of the iffiim. 

As Gartner found that there was sometimes an innate difference 
in different indivkluah of the same two species in crossing; so 
Sageret believes this to be the case with different individuals of 
the same two species in being grafted together. As in reciprocal 
crosses, the facility of effecting an union is often very far from 
equal, so it sometimes is in grafting ; the common gooseberry, for 
instance, cannot be grafted on the currant, whereas the currant 
will take, though with difficulty, on the gooseberry. 

We have seen that the sterility of hybrids, which have their 
reproductive organs in an imperfect condition, is a diftei’ent case 
from the difficulty of uniting two pure species, which have their re- 
productive organs perfect; yet these two distinct classes of cases run 
to a large extent parallel. Something analogous occurs in grafting ; 
for Thouin found that three species of Robinia, which seeded freely 
on their own roots, and which could be grafted with no great 
difficulty on a fourth species, when thus gi*afted were rendered 
barren. On the other hand, certain species of Sorbus, when grafted 
on other species yielded twice as much fruit as when on their own 
roots. "We are reminded by this latter fact of the extraordinary 
cases of Hippeastram, Passiffora, &c., which seed much more freely 
when fertilised with the pollen of a distinct species, than when 
fertilised with pollen from the same plant. 

We thus see, that, although there is a clear and great difference 
between the mere adhesion of grafted stocks, and the union of the 
male and female elements in the act of reproduction, yet that there 
is a rude degree of parallelism in the results of grafting and of 
crossing distinct species. And as we must look at the curious and 
complex laws governing the facility with which trees can be graf ted 
on each other as incidental on unknown differences in their vegeta- 
tive systems, so I believe that the still more complex laws govern- 
ing the facility of first crosses are incidental on unknown differences 
in their reproductive systems. These differences in both cases, 
follow to a certain extent, as might have been expected, systematic 
affinity, by which term every kind of resemblance and dissimilarity 
between organic beings is attempted to be expressed. The facts 
by no means seem to indicate that the greater or lesser difficulty 
of either grafting or crossing various species has been a special 
endowment ; althou^ in the case of crossing, the difficulty is as 
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important for the endurance and stability of specific form®, in 
the case of grafting it is unimportant for their welfare. 

Origin and Causes of the Sterility of first Crosses ami 
of Hybrids. 

At one^time it appeared to me probable, as it has to others, that 
the sterility of first crosses and of hybrids might have been slowly 
acquired through the natural selection of slightly lessened degrees 
of fertility, which, like any other variation, spontaneously apx^eared 
in certain individuals of one variety when crossed with those of 
another variety. For it would clearly be advantageous to two 
varieties or incipient species, if they could be kept from blending, 
on the same principle that, when man is selecting at the same time 
two varieties, it is necessary that he should keep them separate. In 
the first place, it maybe remarked that species inhabiting distinct 
regions are often sterile when crossed ; now it could clearly have 
been of no advantage to such separated species to have been 
rendered mutually sterile, and consequently this could not have 
been effected through natural selection ; but it may perhaps bo 
argued, that, if a species was rendered sterile with some one com- 
patriot, sterility with other species would follow as a necessary 
contingency. In the second place, it is almost as much opposed 
to the theory of natural selection a.s to that of special creation, 
that in reciprocal crosses the male element of one form should have 
been rendered utterly impotent on a second form, w^hilst at the 
same time the male element of this second form is enabled freely 
to fertilise the first form; for this peculiar state of the repro- 
ductive system could hardly have been advantageous to either 
species. 

' In considering the probability of natural selection having come 
into action, in rendering species mutually sterile, the greatest 
difficulty will be found to lie in the existence of many graduated 
steps from slightly lessened fertility to absolute sterility. It may 
be admitted that it would profit an incipient species, if it were 
rendered iia some slight degree sterile when crossed with its parent 
form or with some other variety ; for thus fewer bastardised and 
deteriorated offspring would be produced to commingle their Hood 
with the new species in process of formation. But he who wdll 
take the trouble to reflect on the steps by which this first degree 
of sterility could be increased throi^ natural selection to that 
high degree which is common with so many species, and which is 
universal with species which have been differentiated to a generic 
or family rank, will find the subject extraordinarily complex. 
After mature reflection it seems to me that this could not have 
been effected through natural selection. Take the case of any two 
species which, when crossed, produced few and sterile ofepring; 
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now, wliat is there which could favour the survival of those indi- 
viduals which happened to be endowed in a slightly higher degree 
with mutual infertility, and which thus approached by one small 
step towards absolute sterility ? Yet an advance of this kind, if 
the theory of natural selection be brought to bear, must have in- 
cessantly occurred with many species, for a multitude are mutually 
quite barren. With sterile neuter insects we have reason to believe 
that modifications in their structure and fertility have been slowly 
accumulated by natural selection, from an advantage having been 
thus indirectly given to the community to which they belonged 
over other communities of the same species; but an individual 
animal not belonging to a social community, if rendered slightly 
toterile when crossed with some other variety, would not thus itself 
gain any advantage or indirectly give any advantage to the other 
individuals of the same variety, thus leading to their preservation. 

But it would be siiperiluoiis to discuss this question in detail ; 
for with plants we have conclusive evidence that the sterility of 
crossed species must be due to some principle, quite independent 
of natural selection. Both Gartner and Kolreiitcr have proved 
that in genera including numerous species, a series can be formed 
from species which when crossed yield fewer and fewer seeds, to 
species which never produce a single seed, but yet are aSbeted by 
the pollen o^ certain other species, for the germeii swells. It is 
here manifestly impossible to select the more sterile individuals, 
which have already ceased to yield seeds ; so that this acme of 
sterility, when the germen alone is affected, cannot have been 
gained through selection ; and from the laws governing the various 
grades of sterility being so uniform throughout the animal and 
vegetable kingdoms, we may infer that the cause, whatever it may 
be, is the same or nearly the same in ail cases. 

We will now look a little closer at the probable nature of the 
differences between species which induce sterility in first crosses 
and in hybrids. In the case of first crosses, the greater or less 
difficulty in effecting an union and in obtaining offspring appar- 
ently depends on several distinct causes. There must sometimes 
be a physical impossibility in the male element reaching the ovule, 
as would be the case with a plant having a instil too long for the 
pollen-tubes to reach the ovarium. It has also been observed that 
when the pollen of one species is placed on the stignm of a dis- 
tantly allied species, though the pollen-tubes protrude, they do 
not penetrate the stigmatic sm-face. Again, the male element 
may reach the female element but be incapable of causing an 
embryo to be developed, as seems to have been the case with some 
of Thuret’s experiments on Fuci. No explanation can be given of 
these facts, any more than why certain trees cannot be grafted on 
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others, lastly, an embryo may be dereloped, and tlien yeri.-li at 
an early period. This latter alternative Iia^ not been sUileiently 
attended to: but I believe, from observations conimiinicated to 
me by Hevdtt, who has had great exx)eriencG in hybridising 
Xsiieasants and fowls, that the early death of the embryo i& a very 
frequent cause of sterilitj" in first crosses. Mr. Salter has recently 
given the results of an esainination of about 500 eggs produced 
from various crosses between three species of Gallus and their 
hybrids : the majority of these eggs had been fertilised ; and in 
the majority of the fertilised eggs, the embryos had either been 
partial!}’’ developed and had then perished, or had become nearly 
mature, Init the young chickens had been unable to break through 
the shell Of the chickens which were born, more than four-fifths 
died vithin the first few days, or at latest weeks, “ wdtliout any 
obvious cause, apparently from mere inability to live : ” so that 
from the 500 eggs only twelve chickens were reared. With plants, 
hybridised embryos probably often perish in a like manner; at 
least it is known that hybrids raised from very distinct species 
are sometimes weak and dwarfed, and perish at an early age ; of 
'v\"hich fact Max Wichura has recently given some striking cases 
■with hybrid willows. It may be here worth noticing that in some 
cases of parthenogenesis, the embryos 'within the eggs of silk 
moths which had not been fertilised, pass through their early 
stages of development and then perish like the embryos produced 
by a cross between distinct species. Until becoming acquainted 
with these facts, I -was im'n.ilUng to believe in the frequent early 
death of hybrid embryos; for hybrids, when once bom, are gener- 
ally healthy and long-lived, as we see in the case of the common 
mule. Hybrids, however, are differently circumstanced before and 
after birth : -when born and living in a country -where their two 
parents live, they are generally placed under suitable conditions 
of life. But a hybrid partakes of only half of the nature and con- 
stitution of its mother ; it may therefore before birth, as long as it 
is nourished within its mother’s womb, or within the egg or seed 
l>roduced by the mother, be exposed to conditions in some degree 
unsuitable, and consequently be liable to perish at an early period ; 
more especially as all very young beings are eminently sensitive 
to injurious or unnatural conditions of life. But after all, the 
cause more probably lies in some imperfection in the original act 
of impregnation, causing the embryo to be imperfectly developed, 
rather than in the conditions to which it is subsequently exposed. 

In regard to the sterility of hybrids, in which the sexual 
elements are imperfectly developed, the case is somewhat different. 
I have more than once alluded to a large body of facts showing 
that, when animals and plants are removed from their natural 
conditions, they are extremely liable to have their reproductive 
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tliat tlie races of some of our domesticated animals, v/hicli Iiav@ 
often been subjected to new and not uniform conditions, are quite 
fertile together, although they are descended from distinct species, 
which "wonld probably have been sterile if aboriginally crossed. 
The above two parallel series of facts seem to be connected to- 
gether by some common but unknovni bond, w'hich is essentially 
related to the principle of life ; tliis principle, according to Mr. 
Herbert Spencer, being that life depends on, or consists in, the 
incessant action and reaction of various forces, which, as through- 
out nature, are always tending towards an equilibrium ; and when 
this tendency is slightly disturbed by any change, the vital forces 
gain in power. 

I^eeiprocal DimorpM&m and TrimorjdLism. 

This subject may be here briefly discussed, and will be found 
to throw some light on hybridism. Several plants belonging to 
distinct orders present two forms, which exist in about equal 
numbers and which differ in no respect except in their repro- 
ductive organs ; one form having a long pistil with short stamens, 
the other a short pistil -with long stamens ; the tv'o having 
differently sized pollen-grains. With trimorphic plants there 
are three forms lilcewise differing in the lengths of their pistils 
and stamens, in the size and colour of the pollen-grains, and in 
some other respects ; and as in each of the three forms there are 
two sets of stamens, the three forms possess altogether six sets of 
stamens and three kinds of pistils. These organs are so pro- 
portioned in length to each other, that half the stamens in two 
of the forms stand on a level with the stigma of the third form. 
Now I have shown, and the result has been confirmed by other 
observers, that^ in order to obtain full fertility with these plants, 
it is necessary that the stigma of the one form should be fertilised 
by pollen taken from the stamens of corresponding height in 
another form. So that with dimorphic species two unions, which 
may be called legitimate, are fully fertile ; and two, which may 
be called illegitimate, are more or less infertile. With trimorphic 
species six unions are legitimate, or fully fertile, — ^and twelve are 
iUegitiniate, or more or less infertile. 

The infertility which may be observed in various dimorphic 
and trimorphic plants, when they are iliegitimataly fertilised, that 
is by pollen taken from stamens not corresponding in height with 
the pistil, differs much in degree, up to absolute and utter 
sterility ; just in the same manner as occurs in crossing distinct 
species. As the degree of sterility in the latter case depends in 
an eminent degree on the conditions of life being more or less 
favourable, so I have found it with illegitimate unions. It is 
well known that if pollen of a distinct species be ifiaced on the 
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Stigma of a flov/er, and its o-v^m pollen re afterwards^ exen after 
a considerable interval of time, ]. laced on the same stigma, its 
action is so strongly ].repot?nt that it generally anniliiiates the 
eiieet of the foreign polltjn ; so it is with the p/Ollen of the several 
forms of the same si>t;cies. for iegitiinate pollen is strongly pre- 
potent over illegitimate pollen, when both are placed on the same 
stigma. I ascertained this by fertilising several flowers, first 
illegitimately, and twenty-four hours afterwards legitimately, with 
pollen taken from a peculiarly coloured variety, and all the seed- 
lings were similarly coloured ; this shows that the legitimate 
pollen, tlioiigli applied twenty -four hours subsecpaently, had wholly 
destroyed or I'trevented the action of the previously apj'died ille- 
gitimate pollen. Again, as in making reciprocal crosses between 
the same two species, there is occasionally a great difference in 
tlie result, so the same thing occurs with triinorpldc plants ; for 
instance, the mid-styled form of Lythrain saliearia 'was illegiti- 
mately fertilised -with the greatest ease by pollen from the longer 
stamens of the short-styled form, and yielded many seeds ; but 
the latter form did not yield a single seed w’hen fertilised by the 
longer stamens of the ni id-styled form. 

In all these respects, and in others which might be added, the 
forms of the same undoubted species w’-hen illegitimately united 
behave in exactly the same manner as do two distinct species 
when crossed. This led me carefully to observe during four years 
many seedlings, raised from several illegitimate unions. The 
chief result is that these illegitimate plants, as they may be called, 
are not fully fertile. It is iiossibie to raise from dimorphic 
species, both long-styled and short-styled illegitimate plants, and 
from triniorphic plants all three illegitimate forms. These can 
then be properly united in a legitimate manner. When this is 
done, there is no apparent reason why they should not yield as 
many seeds as did their parents when legitimately fertilised. But 
such is not the case. They are all infertile, ia various degrees ; 
some being so utterly and incurably sterile that they did not 
yield during four seasons a single seed or even seed-capsule. The 
sterility of these illegitimate plants, when united with each other 
in a legitimate manner, may be strictly compared with that of 
hybrids when crossed inter &e. If, on the other hand, a hybrid is 
crossed with either pure parent-species, the sterility is usually 
much lessened : and so it is when an illegitimate plant is fertilised 
by a legitimate plant. In the same manner as the sterility^ of 
hybrids does not always run parallel with the difficulty of making 
the first cross between the two parent-species, so the sterility of 
certain illegitimate plants was unusually great, whilst the sterility 
of the union from which they were derived was by no means great. 
With hybrids raised from the same seed-capsule the degree of 
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sterility is innately variable, so it is in a marked manner with 
illegitimate plants. Lastly, many hybrids are profuse and per- 
sistent fiowerers, whilst other and more sterile hybrids produce 
few flowers, and are weak, miserable dwarfs j exactly similar 
cases occur with the illegitimate offspring of various dimorphic 
and trimorphic plants. 

Altogether there is the closest identity in character and 
behaviour between illegitimate plants and hybrids. It is hardly 
an exaggeration to maintain that illegitimate plants are hybrids, 
produced within the limits of the same species by the improper 
union of certain forms, whilst ordinary hybrids are produced from 
an improper union between so-called distinct species. We have 
also already seen that there is the closest similarity in all respects 
between first illegitimate unions and first crosses between distinct 
species. This will perhaps be made more fully a])pareut by an 
illustration ; we may suppose that a botanist found two ■well- 
marked varieties (and such occur) of the long-styled form of the 
trimorphic Lythrum salicaria, and that he determined to try by 
crossing •whether they were specifically distinct. He would find 
that they yielded only about one-fifth of the proper number of 
seed, and that they behaved in all the other above specified 
respects as if they had been two distinct species. But to make 
the case sure, he would raise plants from his supposed hybridised 
seed, and he would find that the seedlings were miserably dwarfed 
and utterly sterile, and that they behaved in all other respects 
like ordinary hybrids. He might then maintain that he had 
actually proved, in accordance ■with the common view, that his 
two varieties were as good and as distinct species as any in the 
world ; but he would be completely mistaken. 

The facts now given on dimorphic and trimorphic plants are 
important, because they show us, first, that the physiological test 
of lessened fertility, Iwth in first crosses and in hybrids, is no 
safe criterion of specific distinction ; secondly, because we may 
conclude that there is some unknown bond which connects the 
infertility of illegitimate unions with that of their illegitimate 
offspring, and we are led to extend the same view to first crosses 
and hybrids ; thirdly, because we find, and this seems to me of 
especM importance, that two or three forms of the same species 
may exist and may differ in no respect whatever, either in 
structae or in constitution, relatively to external conditions, and 
yet be sterile ■when united in certain ways. For we must re- 
member that it is the union of the sexual elements of individuals 
of the same form, for instance, of two long-styled forms, which 
results in sterility ; whilst it is the union of the sexual elements 
proper to two distinct forms which is fertile. Hence the case 
appears at flrat sight exactly th® reverse of what occurs^ in th0 
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ordinary unions of tlio individuals of tlie same species and witli 
crosses between distinct species. It is, iiowever, doubtful wiieliier 
this is really so ; but 1 will not enlarge on this obscure siib'ect. 

Tde may, however, infer as probable from the consideration of 
dimorphic and trimoqlnic plants, that the sterility of clisiinet 
species when crossed and of their hybrid progeny, depends ex- 
clusively on the nature of their sexual elements, and not on any 
difference in their structui'c or general constitution. We are also 
led to this same conclusion by considering reciprocal crosses, in 
which the male of one species cannot be united, or can be united 
with great diificuity, with the female of a second species, whilst 
the converse cross can be effected with perfect facility. That 
excellent observer, Gartner, likewise concluded that species ■when 
crossed are sterile owing to differences confined to their repro- 
ductive systems. 


Fertility of Varieties when Crossed, and of their Mongrel 
Off&pring,^ not universal. 

It may be urged, as an overwhelming argument, that there 
must be some essential distinction between species and varieties, 
inasmuch as the latter, however much they may differ from each 
other in external appearance, cross with perfect facility, and yield 
perfectly fertile offspring. With some exceptions, presently to 
be given, I fully admit that this is the rule. But the subject is 
surrounded by difficulties, for, looking to varieties ijroduced under 
nature, if two forms hitherto reputed to be varieties be found in 
any degree sterile together, they are at once ranked by most 
naturalists as species. For instance, the blue and red pimpernel, 
which are considered by most botanists as varieties, are said by 
Gartner to be quite sterile iviien crossed, and he consequently 
ranks them as undoubted species. If we thus argue in a circle, 
the fertility of aU varieties produced under nature will assuredly 
have to be granted. 

If we turn to varieties, produced, or supposed to have been 
produced, under domestication, we are still involved in some 
doubt. For when it is stated, for instance, that certain South 
American indigenous domestic dogs do not readily unite with 
European dogs, the explanation which will occur to every one, 
and probably the true one, is that they are descended from 
aboriginally diatinct species. Nevertheless the perfect fertility 
of so many domestic races, differing widely from each other in 
appearance, for instance those of the pigeon, or of the cabbage, 
is a remarkable fact ; more especially when we reflect how many 
species there are, which, though resembling each other most 
closely, are utterly sterile when intercrossed. Several considem^ 
tions, however# reader the fertility of domestic vmMm l«i 
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remarkaLle. In tlie first place, it may be observed that tlie 
amount of external difference between two species is no sure 
guide to tlieir degree of mutual sterility, so that similar differ- 
ences in the case of vaiieties would be no sure guide. It is 
certain that with species the cause lies exclusively in differences 
in their sexual constitution. Now the varying conditions to 
which domesticated animals and cultivated plants have been 
subjected, have had so little tendency towards modifying the 
reproductive system in a manner leading to mutual sterility, that 
%ve have good grounds for admitting the directly opposite doctrine 
of Pallas, namely, that such conditions generally eliminate this 
tendency ; so that the domesticated descendants of species, wliich 
in their natural state probably would have been in some degree 
sterile when crossed, become perfectly fertile together. With 
plants, so far is cultivation from giving a tendency towards 
sterility between distinct species, that in several well-authenti- 
cated cases already alluded to, certain plants have been affected 
in an opposite manner, for they have become self -impotent whilst 
still retaining the capacity of fertilising, and being fertilised by, 
other species. If the Pallasian doctrine of the elimination of 
sterility through long-continued domestication be admitted, and 
it can hardly be rejected, it becomes in the highest degree im- 
probable that similar conditions long-continued should likewise 
induce this tendency ; though in certain cases, witli species having 
a peculiar constitution, sterility might occasionally be thus caused. 
Tims, as I believe, we can understand why with domesticated 
animals varieties have not been produced which are mutually 
sterile ; and why with plants only a few such cases, immediately 
to be given, have been observed. 

The real difficulty in our present subject is not, as it appears 
to me, why domestic varieties have not become mutually infertile 
when crossed, but why this has so generally occurred with natural 
varieties, as soon as they have been permanently modified in a 
sufficient degree to take rank as species. We are far from pre- 
cisely knowing the cause ; nor is this surprising, seeing how pro- 
foundly ignorant we are in regard to the normal and abnormal 
action of the reproductive system. But we can see that species, 
owing to their struggle for existence with numerous competitors, 
will have been exposed during long periods of time to more uni- 
form conditions, than have domestic varieties ; and this may well 
make a wide difference in the result. For we know how commonly 
wild animals and plants, when taken from their natural condi- 
tions and subjected to captivity, are rendered sterile ; and the 
reproductive functions of organic beings which have always lived 
under natural conditions would probably in like manner be 
eminently sensitive to the infiuence of an unnatural cross. 
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Doiiiestieateci productions, on tlie other hand, whicl!, a? slioYai 
by tlis mere fact of their domestication, \YLTe not ori,giiL‘-;lly 
sensitive to changes in their conditions of life, and whi.di can n va* 
generally resist witli undiniinislied ienilliy repeated changes of 
conditions, might be expected to produce varieties, i\l>ich a\oiiIc1 
be little liable to have their reprodticiive powers irsjiiiioiidy 
affected by the act of cre^ssing with other varieties i\hieh had 
originated in a like manner. 

I have as yet spoken as if the varieties of the same species were 
Invariably fertile when intercrossed. But it is impossible to 
resist the evidence of the existence of a certain amount of sterility 
in the few following cases, which I will briefly abstract. The 
evidence is at least as good as that from which we believe in the 
sterility of a multitude of species. The evidence is, also, derived 
from hostile witnesses, wdio in all other eases consider fertility 
and sterility as safe criterions of speeihe distinction. Gartner 
Icept during several years a dwarf kind of maize with yellow seeds, 
and a tall variety with red seeds growing near each other in his 
garden ; and altliough these i3lants have separated sexes, they 
never naturally crossed. He then fertilised tliirtcen flowers of 
the one kind with pollen of the other ; but only a single head 
produced any seed, and this one head produced only five grains. 
Manipulation in this case could not have been injurious, as the 
plants have separated sexes. No one, I believe, has suspected 
that these varieties of maize are distinct species ; and it is im- 
portant to notice that the hybrid plants thus rai.?ed were them- 
selves 2 'ierfectl}/ fertile ; so that even Gartner did not venture to 
consider the two varieties as specifically distinct. 

Girou de Buzareingues crossed three varieties of gourd, which 
like the maize has separated sexes, and he asserts that their 
mutual fertilisation is hj so much the less easy as their differences 
are greater. How far these experiments may be trusted, I know 
not ; but the forms experimented on are ranked by Sagerct, who 
mainly founds his classification by the test of infertility, as 
varieties, and Naiidin has come to the same conclusion. 

The following case is far more remarkable, and seems at first 
incredible ; but it is the result of an astonishing number of 
experiments made during many years on nine species of Verbas- 
cum, by so good an observer and so hostile a witness as Gartner : 
namely that the yellow and white varieties when crossed produce 
less seed than the similarly coloured varieties of the same species. 
Moreover, he asserts that, when yellow and white varieties of one 
species are crossed with yellow and white varieties of a distinct 
species, more seed is produced by the crosses between the similarly 
colour^ flowers, than between those which are differently coloured. 
Mr. Scott also has ex|>erimented on the species and varieties of 

m 
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Verbascmn ; and although unable to confirm Gartner’s results on 
the crossing of the distinct species, he finds that the dissimilarly 
coloured varieties of the same species jdeld fewer seeds, in the 
proportion of 86 to 100, than the similarly coloured varieties. 
Yet these varieties differ in no respect except in the colour of 
their flowers ; and one variety can sometimes be raised from the 
seed of another. 

Kolreiiter, whose accuracy has been confirmed by every sub- 
sequent observer, has proved the remarkable fact, that one 
particular variety of the common tobacco was more fertile than 
the other varieties, when crossed mth a widelj'- distinct species. 
He experimented on five forms which are commonly reputed to 
bo varieties, and which he tested by the severest trial, namely, by 
reciprocal crosses, and he found their mongrel offspring perfectly 
fertile. But one of these five varieties, when used either as the 
father or mother, and crossed with the Nicotiaim glutinosa, 
always yielded hybrids not so sterile as those which were pro- 
duced from the four other varieties when crossed vitli K. glutinosa. 
Hence the reproductive system of this one variety must have 
been in some manner and in some degree modified. 

From these facts it can no longer be maintained that varieties 
when crossed are invariably quite fertile. From the great diffi- 
culty of ascertaining the infertility of varieties in a state of nature, 
for a supposed variety, if proved to be infertile in any degree, 
would almost universally be ranked as a species; — from man 
attending only to external characters in his domestic variBties, 
and from such varieties not having been exposed for very long 
periods to uniform conditions of life; — from these several con- 
siderations we may conclude that fertility does not constitute a 
fundamental distinction between varieties and species when 
crossed. The general sterility of crossed species may safely be 
looked at, not as a special acquirement or endowment, but as 
incidental on changes of an unknown nature in their sexual 
elements 

Mi^hrids and Mongrels compared, independently of their fertility* 

Independently of the question of fertility, the offspring of species 
and of varieties when crossed may be compared in several other 
respects. Gartner, whose strong wish it was to draw a distinct 
line between species and varieties, could find very few, and, as it 
seems to me, quite unimportant differences between the so-called 
hybrid offspring of species, and the so-called mongrel offspring of 
varieties. And, on the other hand, they agree most closely in 
many important respects. 

I shall here discuss this subject with extreme brevity. The 
most important tha^ in the first generation mongrels 
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are iiiore variaole Ilian liybrids; but Gartner tIrA 

from t^pecies wliicli have long been cultivated fue of ten virlal’e :.i 
the iirii generation ; and I have myself seen striliing instaib'es * it‘ 
this fact. Gartner further admits that hybrids between very 
closely allied species are more variable than tlio^e frc.ia very d:-- 
tiiict species ; and this shows that the diSbrence in the degree cf 
variability graduates awajn When mongrels and the more fertile 
hybrids are propagated for several generaiions. an extreme aniofint 
ot variability in tlie offspring in both c«ase3 is notorious ; but some 
few instances of both hybrhls and mongrels long retaining a 
uniform character could be given. The variability, however, in 
the successive generations of mongrels is, perhaps, greater than in 
hybrids. 

This greater variability in mongrels than in hj^brids does not 
seem at all surprising. For the parents of mongrels arc varieties, 
and mostly dome.stic varieties (very few experiments having been 
tried on natural varieties), and this implies that there has been 
recent variability^, which would often continue and would augment 
that arising from the act of crossing. The slight variability of 
hybrids in the first generation, in contrast with that in the 
succeeding generations, is a curious fact and de.seiTc ^ attention. 
For it boars on the view which I have taken of one of the cau?»cs 
of ordinary variability,- namely, that the reproductive system 
from being eminently .sensitive to changed conditions of life, fails 
under these circumstances to perform its proper function of pro- 
ducing offspring closely similar in all respects to the parent-form. 
Now liybrid.s in the first generation are descended from species 
(excluding those long-cultivated) which have not had their repro- 
ductive systems in any way affected, and they are not variable ; 
but hybrids themselves have their reproductive systems seriously 
affected, and their descendants are highly variable. 

But to return to our comparison cf mongrels and hybrids: 
Gartner states that mongrels are more liable than hybrids to 
revert to either parent-form ; but this, if it be true, is certainly 
only a difference in degree. Moreover, Gartner expressly ste^tes 
that hyl^^ls from long cLiltivated plants are more subject to 
reversion than hybrids from species in their natural state; and 
this probably explains the singular difference in the results arrived 
at by different observers: thus Max Wichura doubts whether 
hybrids ever revert to their parent-forms, and he experimented on 
uncultivated species of willows; whilst Naudin, on the other 
hand, insists in the strongest terms on the almost universal 
tendency to reversion in hybrids, and he experimented chiefly on 
cultivated plants. Gartner farther states that when any t^vo 
species, although most closely allied to each other, are crossed 
with a third specif |he hybrids are widely different from 
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other; whereas if two very distinct varieties of one species are 
crossed with another species, the hybrids do not difier much. 
But this conclusion, as far as I can make out, is founded on a 
single experiment; and seems directly opposed to the results of 
several experiments made by Kolreuter. 

Such alone are the unimportant differences which Gartner is 
able to point out between h3''brid and mongrel plants. On the 
other hand, the degrees and kinds of resemblance in mongrels and 
in hybrids to their respective parents, more especially in hybrids 
produced from nearly related species, follow according to Gartner 
the same laws. When two species are crossed, one has sometimes 
a prepotent power of impressing its lilceness on the hybrid. So I 
believe it to be with varieties of plants; and with animals one 
variety certainly often has this prepotent power over another 
variety. Hybrid plants produced from a reciprocal cross, generally 
resemble each other closely ; and so it is with mongrel plants from 
a reciprocal cross. Both hybrids and mongrels can be reduced to 
either pure parent-form, by repeated crosses in siiccessi% e genera- 
tions with either parent. 

These several remarks are apjjarently applicable to animals; 
but the subject is here much complicated, partly owing to the 
existence of secondary sexual characters; but more especially 
owing to prepotency in transmitting lilceness running more 
strongly in one sex than in the other, both when one sj^ecies is 
crossed with another, and when one variety is crossed with 
another variety. For instance, I think those authors are right 
who maintain that the ass has a prepotent power over the horse, 
so that both the mule and the hinny resemble more closely the 
ass than the horse; but that the prepotency runs more strongly in 
the male than in the female ass, so that the mule, which is the 
off-spring of the male ass and mare, is more like an ass, than is the 
hinny, which is the offspring of the female ass and stallion. 

Much stress has been laid by some authors on the supposed fact, 
that it is only with mongrels that the offspring are not inter- 
mediate in character, but closely resemble one of their parents; 
but this does sometimes occur with hybrids, yet I grant much less 
frequently than with mongrels. Looking to the cases which I 
have collected of cross-bred animals closely resembling one 
parent, the resemblances seem chiefly confined to characters 
almost monstrous in their nature, and which have suddenly 
appeared—sucfli as albinism, melanism, deficiency of tail or horns, 
or additional fingers and toes; and do not relate to characters 
which have been slowly acquired through selection. A tendency 
to sudden reversions to the perfect character of either parent 
would, also, be much more likely to occur with mongrels, which 
are descended from varieties often suddenly produced and semi- 
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iiinnstroi:d in oliaracter, than with h3'hncl£j which are descended 
from Kpeeies slowlj- and naturally produced. On tlie whole, I 
entirely' a^'ree with Dr. Prc-tper Lucas, who, after arranging: an 
enormous bod^” of facts with respect to animals, comes to the con- 
clusion that the laws of resinmlanco of the cldli to its i-arents f.ra 
the same, whether the two ]parents ilitier little or iniuh from each 
other, namely, in the union of individuals of the srane variety*, or 
of different varietiO'S, or of dhrlnct s]’eeier. 

Indepondentljf of the question of fertilitj* and sterility, in al! 
other respects tlieie seems to be a geuerai and close similarit\" in 
the oifspriii!^ of cros^^ecl species, and of crossed varieties. If we 
look at species as Iiavinc; been specially created, and at varieties 
as having been produced hy secondary laws, this siniilaritj’ would 
be an astonishing fact. But it harmonises perfeeiljr witli the view 
tliat there is no essential distinction between species and varietie-'. 

Sionman/ of Chfpt&r, 

First crosses between forms, sufiiciently distinct to be ranked as 
species, and their hjLrids, are very generall^^ but not universally, 
sterile. The sterility is of all degrees, and is often so slight that 
the most careful experimentalists have arrived at diametrically 
opposite conclusions in ranking forms bj-" this test. The sterility 
is innatolj^ variable in individuals of the same species, and is 
eniinentlj’ susceptible to the action of favourable and unfavourable 
conditions. The degree of sterility does not strictlj^ follow 
sj^stematie affinitj", but is governed bj' several curious and com- 
plex laws. It is geiieralh-^ different, and sometimes widely’" different 
in reciprocal crosses between the same two species. It is not 
always equal in degree in a first cross and in the hybrids produced 
from this cross. 

In the same manner as in grafting trees, the capacity in one 
species or variety to take on another, is incidental on differences, 
generally of an unkiiowm nature, in their vegetative systems, so in 
crossing, the greater or less facility of one species to unite wutli 
another is incidental on unknown differences in their reproductive 
systems. There is no more reason to think that species have been 
specially endow’ed -with various degrees of sterility to prevent 
their crossing and blending in nature, than to think that trees 
have been specially endowed with various and somewhat analogous 
degrees of difficulty in being grafted together in order to prevent 
their inarching in our forests. 

The sterility of first crosses and of their hybrid progeny has not 
been acquired through natural selection. In the case of first 
crosses it seems to depend on several circumstances; in some 
instances in chief part on the early death of the embryo. In the 
ease of hybrids, it apparently depends on their whole organisation 
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having been disturbed by being compounded from two distinct 
forms ; the sterility being closely allied to that which so frequently 
aifects pure species, v/hen exposed to new and unnatural conditions 
of life. He who will explain these latter cases will be able to 
exi>lain the sterility of hybrids. This view is strongly siipi-oited 
by a paralle-iism of another kind: namely, that, firstly, slight 
changes in the conditions of life add to the vigour and fertility of 
all organic beings ; and secondly, that the crossing of forms, which 
have been expo.sed to slightly different conditions of life or which 
have varied, favours the size, vigour, and fertility of their offspring. 
The facts given on the sterility of the illegitimate unions of 
dimorphic and trimori)hic plants and of their illegitimate progeny, 
]>erhaps render it probable that some unknown bond in all cases 
eoiineets the degree of fertility of first unions with that of their 
offspriii:,::. The consideration of these facts on dimorphism, as 
well as of the results of reciprocal crosses, clearly leads to the con- 
clusion that the primary cause of the sterility of crossed species is 
confined to differences in their sexual elements. But why, in the 
case of distinct specie.s, the sexual elements should so generally 
have become more or less modified, leading to their mutual 
inferiility, we do not know; but it seems to stand in some close 
relation to species Iiaving been exposedior long periods of time to 
nearly uniform conditions of life. 

It is not surprising that the difiiculty in crossing any two 
species, and the sterility of their hybrid offspring, should in most 
cases correspond, even if due to distinct causes : for both depend 
on the amount of difference between the species which are crossed, 
l^or is it surprising that the facility of effecting a first cross, and 
the fertility of the hybrids thus produced, and the capacity of 
being grafted together — though this latter capacity evidently 
depends on widely different circumstances — should all run, to a 
certain extent, imrallel with the systematic affinity of the forms 
subjected to experiment; for systematic affinity includes re- 
semblances of all kinds, 

First crosses between forms known to be varieties, or sufficiently?' 
alike to be considered as varieties, and their mongrel offsprings 
are very generally, but not, as is so often stated, invariably fertile. 
Nor is this almost universal and perfect fertility surprising, when 
it is remembered how liable we are to argue in a circle with respect 
to varieties in a state of nature ; and when we remember that the 
^eater number of varieties have been produced under domestica- 
tion by the selection of mere external differences, and that they 
have not been long exposed to uniform conditions of life. It 
should also be specially kept in mind, that long-continued 
Af^mestication tends to eliminate sterility, and is therefore little 
likely to induce this isame (pality. Independently of the question 
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of fertility, in nil other respects there is the closest general 
re^ciiiMance between hyl^rkls and mongrels, — in their variability, 
in their power of absorbing each other by repeated crosses, and in 
their iniierir^nee of tluracters from both parent-fomis, Fiiii.lly, 
then, although vre are as ignorant of the precise cause of tiia 
sterility of first ejOo&e< and oi hybrids as wa are wdiy animals an* I 
plants removed from their natural conditions become sterile, yet 
the facts given in tliis chapter do not secni to me opposed to the 
belief tlirt topecies ahorig:i:aily existed as varieties. 


CHAPTER X, 

Ox THE Impeeeectiox of the Geological Record. 

On the ahi^ence of intermediate varieties al the present day — On the natee of 
e3,tinet intermediate varieties ; on their number — On the lap^e of time, m 
inferred from the rate ot denudation and of deposition — On the lapse of 
time as estimated by years — On the poorness ot our paheontologica! col- 
lections — On the interraitteuee of geological formations — On tlie denuda- 
tion of granitic ureas — On the absence of intermediate varieties in any one 
iormatiou — On the sndden appearance of groups of species — On 'their 
Hialden appearancfj in the lowest known fossiliferous strata — ^Antiquity of 
the hahitabiti earth. 

Ix the sixth chajjter I enumerated the chief objections which 
might be justly urged against the views maintained in this volume. 
Driest of them have now been discussed. One, namedy the distinct- 
ness of specific forms, and their not being blended together by 
innumerable transitional links, is a very obvious ditlSeulty. I 
assigned reasons why such links do not commonly occur at the 
present day under the circumstances apparently most favourable 
ibr their presence, namely on an extensive and continuous area 
with graduated physical conditions. I endeavoured to show, that 
the life of each species depends in a more important manner on 
the presence of other already defined organic forms, than on 
climate, and, therefore, that the really governing conditions of life 
do not graduate away quite insensibly like heat or moisture. I 
endeavoured, also, to show that intermediate varieties, from exist- 
ing in lesser numbers than the forms which they connect, will 
generally be beaten out and exterminated during the course of 
further modification and improvement. The main cause, however, 
of innumerable intermediate Hnks not now occurring everywhere 
throughout nature, depends on the very process of natural selec- 
tion, trough which new varieties continually take the pla<^ of 
imd gffliffiant their parent-forms. But just in proportaoa as this 
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process of extermination lias acted on an enormous scale, so must 
tlie number of intermediate varieties, wbicli have formerly existed, 
be truly enormous. Why then is not every geological formation 
and every stratum full of such intermediate links 1 Geology 
assuredly does not reveal any such finely-graduated organic chain ; 
and this, perhaps, is the most obnous and serious objection which 
can be urged against the theory. The explanation lies, as I 
believe, in the extreme imperfection of the geological record. 

In tiie first place, it should always be borne in mind what 
sort of intermediate forms must, on the theoiy, have formerly 
existeil. I have found it difficult, when looking at any two species, 
to avoid pictuiing to iD3^self forms direcihf intermediate between 
them. But this is a wholly false view; we should alvaj's look for 
tV)rnis iiiteniiediate between each si>ecies and a common but un- 
known progenitor ; and the progenitor will generally have diflered 
in some respetds from all its modhied descendants. To give a 
simple illustration: the fantail and jjouter pigeons are both 
descended from the rock-pigeon j if ve possessed all the inter- 
mediate varieties which have ever existed, we should have an 
extremely close series between both and the rock-pigeon; but we 
should have no varieties directly intcimediate between the fantail 
and pouter; none, for instance, combining a tail somewhat ex- 
panded with a crop somewhat enlarged, the characteristic features 
of these two breeds. These tw’o breeds, moreover, have become 
so much modified, that, if we had no historical or indirect evidence 
regarding their origin, it would not have been possible to have 
determined, from a mere comparison of their structure with that 
of the rock-pigeon, C. livia, whether they had descended from this 
species or from some other allied form, such as C, oenas. 

So, with natural species, if we look to forms very distinct, for 
instance to the horse and tapir, we have no reason to suppose that 
links directly intermediate between them ever existed, but between 
each and an unknown common parent. The common parent will 
have had in its whole organisation much general resemblance to 
the tapir and to the horse ; but in some points of structure may 
have differed considerablj^ from both, even perhaps more than 
they differ from each other. Hence, in all such cases, we should 
be unable to recognise the parent-form of any two or more species, 
even if we closely compared the structure of the parent with that 
of its modified descendants, unless at the same time we had a 
nearly perfect chain of the intermediate links. 

It is just possible by the theory, that one of two living forms 
might have descended from the other; for instance, a horse from 
a tapir; and in this case direct intermediate links will have existed 
between them. But such a case would imply that one form had 
remained for a veiy long period mmltered, wMlst its descendants 
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liacl nnclp^one a %'ast amount of cLange; and tlie principle of 
coiiipetition between organism and organism, between cliild and 
parent, will render tMs a very rare event; for in all cases the new 
and improved forms of Hfe tend to supplant the old and un- 
improved forms. 

By the theory of natural selection all living species have been 
Connected with the parent-species of each genus, by differences 
not greater than we see between the natural and domestic varietits 
of the same s} secies at the present day; and these parent-species, 
now generally extinct, have in their turn been similarly connected 
%Titli more ancient forms ; and so on backwards, always converging 
to the common ancestor of each great class. So that the number 
0i intermediate and transitional links, between all living and 
extinct species, must have been inconceivably great. But as- 
suredly, if this tlieorj’’ be true, such have lived upon the earth. 


Oji ihe Lapse of Tinie^ as inferred from the rate of Deposition and 
erctent of Denvdation. 

Independently of our not finding fossil remains of such infi,nitely 
numerous connecting links, it may be objected that time cannot 
have sufficed for so great an amount of organic change, all changes 
having been effected slowly. It is hardly possible for me to recall 
to^the reader w’ho is not a practical geologist, the facts leading the 
mind feebly to comprehend the lapse of time. He who can read 
Sir Charles LyelFs grand work on the Principles of Geology, which 
the future historian 'will recognise as having produced a revolu- 
tion in natural science, and yet docs not admit how vast have been 
the past periods of time, may at once close this volume. Not that 
it suffices to study the Principles of Geology, or to read special 
treatises by different observers on separate formations, and to 
mark how each, author attempts to give an inadequate id^ of the 
duration of each formation, or even of each stratum. We can best 
gain some idea of piast time by knowing the agencies at work, and 
learning how deeply the surface of the land has been denuded, and 
how much sediment has been deposited. As Lyell has well re- 
marked, the extent and thickness of onr sedimentary formations 
are the result and the measure of the denudation which the earth’s 
crust has elsewhere undergone. Therefore a man should examine 
for himself the great piles of superimposed strata, and watch the 
rivulets bringing down mud, and the waves wearing away the sea- 
cliffs, in order to comprehend something about the duration of 
past time, the monuments of which we see all around us. 

It is good to wander along the coast, when formed of moderately 
hard rocks, and mark the process of degradation. The tides in 
most cases reach the cliffs only for a short time twice a day, and 
the waves eat into them only when they are charged with sand or 
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pebbles; for tliere is good e\idence that pure water effects nothing 
in wearing away rock. At last the base of the cliff is undermined, 
huge fragments fall down, and these, romaining fixed, hare to be 
worn away atom by atom, until after being reduced in size tiiey 
can be rolled about by tlie waves, and then they are more quickly 
ground into pebbles, sand, or mud. But how often do we see along 
the bases of retreating cliiis rounded boulders, all thickly clothed 
by marine productions, .showing how little they are abraded and 
bow seldom they are rolled about ! Moreover, if we follow for a 
few miles any line of rocky clitf, wducli is undergoing degradation, 
we find that it is only here and there, along a short length or round 
a pruiiiontory, that tlie clilfs are at the present time suffering. 
The appearance of the surface and the vegetation show that else- 
where years have elapsed since the waters washed their base. 

We iiave, litnvever, recently learnt from the observations of 
Bamsay, in the van of many excellent observers — of Jukes, 
Ueikie, Crull, and others, that subaerial degradation is a much 
more important agency that coast-action, or the jjow’er of the 
■waves. The vliole surface of the land is exposed to the cliemicai 
action of the air and of the rain-water with its dissolved carbonic 
acid, and in colder countries to frost ; the disiniegraled matter is 
carried do'wn e-^'eu gentle slopes during heavy rain, and to a 
greater extent than might bo supposed, especially in and districts, 
by the wind; it is then trans] sorted by the streams and rivers, 
■^^hich when rapid deejjen their channels, and triturate the 
fragments. On a rainy day, even in a gently undulating country, 
w*e see the effects of subaerial degradation in the muddy rills 
which flow down every slope. Messrs. Bamsay and Whitaker 
have shown, and the observation is a most striking one, that the 
great lines of escaiqnnent in the Wealden district and those 
ranging across England, which fonnerly were looked at as ancient 
sea-coasts, cannot have been thus formed, for each, line is com- 
posed of one and the same formation, whilst our sea-cliffs are 
everywhere formed by the intersection of various formations. 
This being the case, -we are compelled to admit that the escarp- 
ments owe their origin in chief part to the rocks of w^liich they 
are composed having resisted subaeriai denudation better than 
the surrounding surface ; this surface consequently has been 
gradually lowered, with the lines of harder rock left projecting. 
Nothing impresses the mind with the vast duration of time, 
according to our ideas of time, more forcibly than the conviction 
thus gained that subaeriai agencies wiiich apparently have so 
little powder, and which seem to w^ork so slowly, have produced 
great results. 

When thus imprwsed with the slow rate at w'hich the land is 
worn away through subaeriai and littoral action, it is good, in 
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order to appreciate tlie past duration of tiniej to consider, on tlie 
one iiand, the masses of rock wliicli have been removed over many 
extensive areas, and on the other hand the thickness of our sedi- 
inentaiy formations. I remember having been much struck when 
vicAvifig Amlcanic islands, Avhich have been worn by the waves and 
pai'ecl all round into perpendicular cliffs of one or two thousand 
feet in height ; for the gentle slope of the lava-streams, due to 
their formerly liquid state, shoAved ab a glance how far the hard, 
rocky beds had once extended into the open ocean. The same 
story iKS told still more plainly by faults, — those great cracks along 
AA’liicli the strata have been upheaved on one side, or throAvn dovm 
on the other, to the height or dei)tli of thousands of feet ; for since 
the crust cracked, and it makes no great difference AA’hether the 
upheaval Avas sudden, or, as most geologists noAv believe, AA^as sIoav 
and effected by many starts, the surface of the land has been so 
completely planed doAvn that no trace of these Arast dislocations is 
externally visible. The Craven fault, for instance, extends for 
upwards of 30 miles, and along this line the vertical displacement 
of the strata Ataxies from COO to 3000 feet. Professor llamsay has 
published an account of a downthrow in Anglosea of 2300 feet ; 
and he informs me that he fully believes that there is one in 
Merionethshire of 12,000 feet; yet in these cases there is nothing 
on the surface of the land to show such prodigious movements; 
the pile of rocks on either side of the crack having been smoothly 
swept aAvay. 

On the other hand, in all parts of the world the piles of sedi- 
mentary strata are of wonderful thickness. In the Cordillem I 
estimated one mass of conglomerate at ten thousand feet; and 
although conglomerates have probably been accumulated at a 
quicker rate than finer sediments, yet from being formed of Avom 
and rounded pebbles, each of Avhich bears the stamp of time, they 
are good to show hoAv slowly the mass must have been heaped 
together. Professor ITamsay has ^ven me the maximum thick- 
ness, from actual measurement in most cases, of the successive 
formations in different parts of Great Britain; and this is the 


result : — 

Feet, 

Palaozoic strata (not including igneous beds) 67,154 

Secondary strata .* .. *. .. 13,190 

Tertiary strata . • . , . , , . . . , . 2,240 


—making altogether '72,584 feet; that is, very nearly thirteen and 
three-quarters British miles. Some of the formations, which are 
represented in England by thin beds, are thousands of feet in 
thickness on the Continent. Moreover, between each succe®ive 
formation, we have, in the opinion of most geologists, blank 
periods of enormous length. So that the lofty pile of s^dimen- 
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tary rocks in Britain gives but an inadequate idea of tbe time 
•wMcli has elapsed during tbeir accumulation, Tbe consideration 
of these various facts impresses tbe mind almost in tlie same 
manner as does tbe vain endeavour to grapple with the idea of 
eternity. 

Kevertbeless this impression is partly false. Croll, in an 
interesting paper, remarks that we do not err “in forming too 
“great a conception of tbe length of geological periods,” but in 
estimating tbeiii by years. When geologists look at large and 
complicated phenomena, and then at tbe figures representing 
several million years, tbe two produce a totally different effect on 
tbe mind, and the figures are at once pronounced too small. In 
regard to subaerial denudation, Jlr. Croll shows, by calculating 
tbe known amount of sediment annually brought down by certain 
rivers, relatively to their areas of drainage, that 1000 feet of solid 
rock, as it became gradually disintegrated, would thus be removed 
from tbe mean level of tbe whole area in tbe course of six million 
years. This seems an astonishing result, and some considerations 
lead to the suspicion that it may be too large, but even if halved 
or quartered it is still very surprising. Few of us, however, know 
what a million really means : Mr. Croll gives the following 
illustration: take a narrow strip of paper, 83 feet 4 inches in 
length, and stretch it along the wall of a large hall ; then mark off 
at one end the tenth of an inch. This tenth of an inch will 
represent one hundred years, and the entire strip a million years. 
But let it be borne in mind, in relation to the subject of this 
work, what a hundred years implies, represented as it is by a 
measure utterly insignificant in a hall of the above dimensions. 
Several eminent brewers, during a single lifetime, have so largely 
modified some of the higher animals, which propagate their kind 
much more slowly than most of the lower animals, that they have 
formed what well deserves to be called a new sub-breed. Few 
men have attended with due care to any one strain for more than 
half a century, so that a hundred years represents the work of 
two breeders in succession. It is not to be supposed that species 
in a state of nature ever change so quickly as domestic animals 
under the guidance of methodical selection. The comparison 
would be in every w’ay fairer with the effects which follow from 
unconscious selection, that is the preservation of the most useful 
or beautiful animals, with no intention of modifying the breed ; 
but by this process of unconscious selection, various breeds have 
been sensibly changed in the course of two or three centuries. 

Species, however, probably change much more slowly, and 
within the same country only a few change at the same time. 
This slowness follows from all the inhabitants of the same 
country being already so well adapted to each other, that new 
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places In. the polity of nature do not occur until after long 
intorTals, due to tlie occurrence of physical changes of some kind, 
or through the immigration of new fonns. !Jt[oreover variations or 
individual differences of the right nature, by which some of the 
inhabitants might be better fitted to their new places under the 
altered circumstances, would not always occur at once. Unfor- 
tunately we have no means of determining, according to the 
standard of years, how long a period it takes to modify a species ; 
but to the subject of time we must return. 

On the Poorness of Pal csontolog leal Collections, 

Now let us turn to our richest geological museums, and what a 
paltry display we behold ! That our collections are imperfect is 
admitted by every one. The remark of that admirable pala?onto- 
iogist, Edward Forbes, should never be forgotten, namely, that very 
many fossil species are known and named from single and often 
broken specimens, or from a few specimens collected on some one 
spot. Only a small portion of the surface of the earth has been 
geologically explored, and no i)art 'Ruth sufficient care, as the im- 
portant discoveries made every year in Europe prove. ^ ISTo 
organism wholly soft can be preserved. Shells and bones decay 
and disappear when left on the bottom of the sea, where sediment 
is not accumulating. We probably take a quite erroneous view, 
when we assume that sediment is being deposited over nearly the 
whole bed of the sea, at a rate sufficiently quick to embed and 
preserve fossil remains. Throughout an enormously large pro- 
portion of the ocean, the bright blue tint of the water bespeaks 
its purity. The many cases on record of a formation conformably 
covered, after an immense interval of time, by another and later 
formation, mthout the underlying bed having suffered in the 
interval any wear and tear, seem explicable only on the view of 
the bottom of the sea not rarely lying for ages in an unaltered 
condition. The remains which do become embedded, if in sand 
or gravel, will, when the beds are upraised, generally be dissolved 
by the percolation of rain-water charged with carbonic acid. Some 
of the many kinds of animals which live on the beach between 
high and low water mark seem to be rarely preserved. For 
instance, the several species of the Chthamalinse (a sub-family of 
sessile cirripedes) coat the rocks all over the world in infinite 
numbers: they are all strictly littoral, with the exception of a 
single Mediterranean species, which inhabits deep water, and this 
has been found fossil in Sicily, whereas not one other species has 
hitherto been found in any tertiary formation ; yet it is known 
that the genus Chthamalus exist^ during the Chalk period* 
Lastlyj many great deposits requiring a vast length of time for 
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their acciiimilatioB, are entirely destitute of organic remains, 
without our being able to assign any reason: one of the most 
striking instances" is that of the Flysch formation, w^icli consists 
of shale and sandstone, several thousand, occasionally even six 
thousand feet in thickness, and extending for at least 300 miles 
from Vienna to Switzerland; and although this great mass has 
been most carefully searched, no fossils, except a few vegetable 
remains, have been found. 

With respect to the terrestrial productions which lived during 
the Secondary and Paheozoic j^eriods, it is superfluous to state 
that our evidence is fragmentary in an extreme degree. For 
instance, until recently not a land-shell 'was knowm belonging to 
either of these vast periods, -with the exception of one species 
discovered by Sir 0. Lyell and Dr. Da'wson in the carboniferous 
strata of North America ; but now land-shells have been found 
in the lias. In regard to mammiferous remains, a glance at the 
liistoricai table published in LyelFs Manual will bring home the 
truth, how accidental and rare is their j)reservatioii, far better 
than pages of detail. Nor is their rarity surprising, when wo 
remember how large a proportion of the bones of tertiary 
mammals have been disco%’ered either in caves or in lacustrine 
deposits ; and that not a cave or true lacustrine bed is known 
belonging to the age of our secondary or pakcozoic formations. 

But the imperfection in the geological record largely results 
from another and more important cause than any of the fore- 
going ; namely, from the several formations being separated from 
each other by wide intervals of time. This doctrine has been 
emphatically admitted by many geologists and palaeontologists, 
who, like E. Forbes, entirely disbelieve in the change of species. 
When we see the formations tabulated in written works, or wdien 
■we follow’* them in nature, it is difficult to avoid believing that 
they are closely consecutive. But we kuow, for instance, from 
Sir E, j\Iurchison’s great work on Bussia, what wide gaps there 
»e in that country between the superimposed formations ; so it 
is in North America, and in many other parts of the world. The 
most skilful geologist, if his attention had been confined ex- 
clusively to these large territories, would never have suspected 
that, during the periods which -^'ere blank and barren in his own 
country, great piles of sediment, charged with new and peculiar 
forms of life, had elsewhere been accumulated. And if, in each 
separate territory, hardly any idea can be formed of the length 
of time 'which has elapsed between the consecutive formations, 
we may infer that this could nowhere be ascertained. The 
frequent^ and great changes in the mineralogical composition of 
consecutive formations, generally implying great changes in the 
geography of fhe suirowding lands, whence the sediment vm 
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cleriverl, accord with the belief of vast iiiterTal'i of tiiiie ha, via c? 
elapsed Isetv/cen each formation, 

AVc can, I think, see why the geological formations of each 
region are almost invariably intermittent ; that is, have not 
follovred each other in close sequence. Scarcely any fact struck 
1110 more when examining many hundred miles of the South 
American coasts, which have been upraised several hundred feet 
within the recent period, than the absence ot* any recent deposit .s 
sufficiently extensive to last for even a short geological period. 
jVlong the whole west coast, wliich is inhabited by a peculiar 
marine fauna, tertiary beds are so poorly developed, that no 
record of severed successive and peculiar marine faunas will 
probably be preserved to a distant age. A little reflection will 
explain why, along the rising coast of the western side of South 
America, no extensive formations with recent or tertiary remains 
can anyvdiere be found, though the supiily of sediment must for 
ages have been great, from the enormous degradation of the coast- 
rocks and from muddy streams entering the sea. The explanation, 
no doubt, is, that the littoral and sub-littoral deposits are con- 
tiiiualiy ■worn away, as soon as they are brought up by the slow 
and gradual rising of the land ndtliin the grinding action of tlie 
coast-waves. 

We may, I think, conclude that sediment must be accumulated 
in extremely thick, solid, or extensive masses, in order to with- 
stand the incessant action of the waves, when first uiiraised and 
during successive oscillations of level, as well as the subsequent 
subaerial degradation. Such thick and extensive accumulations 
of sediment may be formed in two ways ; either in profound 
depths of the sea, in which case the bottom will not be inhabited 
by so many and such varied forms of life, as the more shallow 
seas ; and the mass when upraised will give an imperfect record 
of the organisms which existed in the neighbourhood during the 
period of its accumulation. Or, sediment may be deposit^ to 
any thickness and extent over a shallow bottom, if it continue 
slowly to subside. In this latter case, as long as the rate of 
subsidence and the supply of sediment nearly balance each other, 
the sea will remain shallow and favourable for many and varied 
forms, and thus a rich fossiliferous formation, thick enough, when 
upraised, to resist a large amount of denudation, may be fonned. s 

I am convinced that nearly all our ancient formations, which 
are throughout the greater part of their thickness rich in fossils, 
have thus been formed during subsidence. Since publishing my 
views on this subject in 1846, I have -watched the progress of 
Oology, and have been surprised to note how author after author, 
in treating of this or that great formation, has come to the con- 
i^mim $h%t it |ccuiEulated during subsidew^t I mw 
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tliat the only ancient tertiary formation on the west coast of 
South. America, which has been bulky enough to resist such 
degradation as it has as yet suffered, but which will hardly last 
to a distant geological age, was deposited during a downward 
oscillation of level, and thus gained considerable thickness. 

All geological facts tell us plainly that each area has undergone 
nunierons slow oscillations of level, and apparently these oscilla- 
tions have affected wide spaces. Consequently, formations rich 
in fos.sils and sufficiently thick and extensive to resist subsequent 
degradation, will have been formed over wide spaces during 
periods of subsidence, but only wffiere the supply of sediment -was 
sufficient to keep the sea shallow and to embed and preserve the 
remains before they had time to decay. On the other hand, as 
long as the bed of the sea remains stationary, tliich deposits 
cannot have been accumulated in the shallow parts, wffiich are 
the most favourable to life. Still less can this have happened 
during the alternate periods of elevation ; or, to S2)cak more 
accurately, the beds which were then accumulated will generally 
have been destroyed by being upraised and brought within tlie 
limits of the coast-action. 

These remarks aiqily chiefly to littoral and sub-littoral deposits. 
In the case of an extensive and shallow sea, such as that within 
a large part of the !Malay Archipelago, -where the depth varies 
from 30 or 40 to CO fathoms, a widely extended formation might 
be formed during a period of elevation, and yet not suffer exces- 
sively from denudation during its slo-w upheaval ; but the thick- 
ness of the formation could not be great, for owing to the elcvatory 
movement it would be less than the depth in wffiich it -was formed ; 
nor would the deposit be much consolidated, nor be capped by 
overlying formations, so that it would run a good chance of being 
worn aw^ay by atmospheric degradation and by the action of the 
sea during subsequent oscillations of level It has, however, been 
suggested by ]\fr. Hopkins, that if one part of the area, after 
rising and before being denuded, subsided, the deposit formed 
during the rising movement, though not thick, might afterwards 
become protected by fresh accumulations, and thus be preserved 
for a long period. 

Mr. Hopkins also expresses his belief that sedimentary beds of 
considerable horizontal extent have rarely been completely de- 
stroyed. But all geologists, excepting the few who believe that 
our present metamorphic schists and plutonic rocks once formed 
the primordial nucleus of the globe, will admit that these latter 
rocks have been stript of their covering to an enormous extent. 
For it is scarcely possible that such rocks could have been solidified 
and crystallized whilst uncovered ; but if the metamorphic action 
occurred at profound depths of the ocean, the former protecting 
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liiantle of rock may not Lave been very thick. Admitting then 
that gneiss, mica-schist, granite, diorite, Ac., were once necessarily 
covered up, how can we account for the naked and extensive areas 
of such rocks in many parts of the world, except on the belief 
that they have subsequently been completely denuded of all over- 
lying strata? That such extensive areas do exist cannot be 
doubted : the granitic region of Parime is described by Humboldt 
as being at least nineteen times as large as S\rtt 2 erland. South 
of the ximazon, Eouc colours an area composed of rocks of this 
nature as equal to that of Spain, France, Italy, part of Germany, 
and the British Islands, all conjoined. This region has not been 
carefully explored, but from the concurrent testimony of travellers, 
the granitic area is very large: thus, Yon Eschwege gives a 
detailed section of these rocks, stretching from Bio de Janeiro for 
260 geographical miles inland in a straight line ; and I travelled 
for 150 miles in another direction, and saw nothing but granitic 
rocks. Numerous specimens, collected along the whole coast from 
near Bio Janeiro to the mouth of the Plata, a distance of 1100 
geographical miles, were examined by me, and they all belonged 
to this class. Inland, along the whole northern bank of the Plata 
I saw, besides modern tertiary beds, only one small patch of 
slightly metamorphosed rock, which alone could have formed a 
part of the original capping of the granitic series. Turning to a 
well-known region, namely, to the United States and Canada, as 
shown in Professor H. D. Bogers^s beautiful map, I have esti- 
mated the areas by cutting out and weighing the paper, and I 
find that the metamorphic (excluding “ the senii-metamorphic ”) 
and granitic rocks exceed, in the proportion of 19 to 12*5, the 
whole of the newer Palaeozoic formations. In many regions the 
metamorphic and granitic rocks would be found much moi*e widely 
extended than they appear to be, if all the sedimentary beds were 
removed which rest unconformably on them, and which could not 
have formed part of the original mantle under wMch they were 
crystallized. Hence it is probable that in some parts of the world 
whole formations have been completely denuded, with not a 
wreck left behind. 

One remark is here worth a passing notice. During periods of 
elevation the area of the land and of the adjoining shoal parts of 
the sea will be increased, and new stations will often be formed : — 
all circumstances favourable, as previously explained, for the 
formation of new varieties and species ; but during such periods 
there will generally be a blank in the geological record. On the 
other hand, during subsidence, the inhabited area and number of 
inhabitants will decrease (excepting on the shores of a continent 
when first broken up into an archipelago), and cons^uently 
during subsidence, though there will be much extinction, few 
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new varieties or species will be formed; and it is during tliese 
very periods of subsidence, that the deposits which are richest in 
fossils have been aecuninlatcd. 

Om the Ahseitice of Afumerom hiicmiediate Vcirietits iii any 
Single Formation, 

From these several considerations, it cannot be doubted that 
the geological record, viewed as a whole, is extremely imperfect ; 
but if we confine our attention to any one formation, it becomes 
much more difiicult to understand \vhy 'we do not therein find 
closely graduated varieties between the allied species which lived 
at its commencement and at its close. Several cases are on record 
of tlie same sjiecies presenting varieties in the upper and lo’wer 
parts of the same formation; thus, Trautsehold gives a number 
of instances with Ammonites; and Hilgendorf has described a 
most curious ease of ten graduated forms of Planorbis multiformis 
in the successi^'e beds of a fresh-water formation in Swdtzerland. 
Although each formation has indisputably required a vast number 
of years for its deposition, several reasons can be given why each 
should not commonly include a graduated series of links between 
the species w’hich lived at its commoneement and dose ; but I 
cannot assign due proportional weight to the following con- 
siderations. 

Although each formation may mark a very long lapse of years, 
each probably is short compared wfitli the period requisite to 
change one species into another. I am aware that two palseonto- 
logists, whose opinions are worthy of much deference, namely 
Bronn and Woodward, have concluded that the average duration 
of each formation is twice or thrice as long as the average 
duration of specific forms. But insuperable difficulties, as it 
seems to me, prevent us from coming to any just conclusion on 
this head. TOicn we see a species first appearing in the middle 
of any formation, it would be rash in the extreme to infer that it 
had not elsewhere previously existed. So again when we find a 
species disappearing before the last layers have been deposited, 
it would be equally rash to suppose that it then became extinct. 
We forget how small the area of Europe is compared with the 
rest of the world ; nor have the several stages of the same forma- 
tion throughout Europe been correlated with perfect accuracy. 

We may safely infer that with marine animals of all kinds 
there has been a large amount of migration due to climatal and 
other change ; and when we see a species first appearing in any 
formation, the probability is that it only then first immigrated 
into that area. It is well known, for instance, that several species 
appear somewhat earlier in the palseozoic beds of North America 
than in those of Europe; time having apparently been required 
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for tiieir migration from the American to the European seas. In 
exaniiniug: the latest deposits in Tarions quarters of the world, it 
has everjnvliere been noted, that some few still existing species 
are comnioii in the deposit, but have become extinct in the imme- 
diately suiTounding sea; or, conxersely, that some are now abun- 
dant ill the neighbouring sea, but are rare or absent in this 
]iarticiilar deposit. It is an excellent lesson to reflect on the 
ascertained amount of migration of the inhabitants of Europe 
during the glacial epoch, which forms only a part of one whole 
geological iieriod ; and likewise to reflect on the changes of level, 
on the extreme clianige of climate, and on the great lapse of time, 
all included within this same glacial period. Yet it may be 
doubted whether, in any quarter of the world, sedimentary 
deposits, induding fossil remahis, have gone on accumulating 
within the same area during the whole of this period. It is not, 
for instance, probable that sediment was deposited during the 
whole of the glacial period near the mouth of the Mississippi, 
within that limit of depth at which marine animals can best 
flourish : for we know that great geographical changes occurred in 
other parts of America during this space of time. When such 
beds as were deposited in shallow water near the mouth of the 
Mississippi during some part of the glacial period shall have been 
upraised, organic remains will probably first appear and disappear 
at different levels, owing to the migrations of species and to 
geographical changes. And in the distant future, a geologist, 
examining these beds, would be tempted to conclude that the 
average duration of life of the embedded fossils had been less 
than that of the glacial period, instead of having been really far 
greater, that is, extending from before the glacial epoch to the 
present day. 

In order to get a perfect gradation between two foms in the 
upper and lower i)arts of the same formation, the deposit must 
have gone on continuously accumulating during a long period, 
sufficient for the slow process of modification ; hence the deposit 
must be a very thick one; and the species undergoing change 
must have lived in the same district throughout the whole time. 
But we have seen that a thick formation, fossiliferous throughout 
its entire thickness, can accumulate only during a period of sub- 
sidence; and to keep the depth approximately the same, which 
is necessary that the same marine species may live on the same 
space, the supply of sediment must nearly counterbalance the 
amount of subsidence. But this same movement of subsidence 
wili tend to submerge the area whence the sediment is derived, 
and rims diminish the supply, whilst the downward movement 
continues. In fact, this nearly exact balancing between the 
suppfy of sediment and the amount of subsidence is probably 
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spot. Most marine animals have a -wide range ; and we iiave 
seen that with plants it is those which have the widest range, 
that oftenest present varieties ; so that, with sliells and other 
marine animals, it is probable that those which had the widest 
range, far exceeding the limits of the knonm geological formations 
in Europe, have oftenest given rise, first to local varieties and 
ultimately to new species ; and this again would greatly lessen 
the chance of our being able to trace the stages of transition in 
any one geological formation. 

It is a more important consideration, leading to the same 
result, as lately insisted on by Dr. Falconer, namely, that the 
period during which each species underwent modification, though 
long as measured by yeais, was probably short in comparison 
with that during which it remained without undergoing any 
change. 

It should not be forgotten, that at the present day, with perfect 
specimens for examination, two forms can seldom be connected 
by intermediate varieties, and thus proved to be the same species, 
until many specimens are collected from many places ; and with 
fossil species this can rarely be done. We shall, perhaps, best 
perceive the improbability of our being enabled to connect species 
by numerous, fine, intermediate, fossil links, by asking ourselves 
whether, for instance, geologists at some future period will be 
able to prove that our different breeds of cattle, sheep, horses, 
and dogs are descended from a single stock or from several 
aboriginal stocks ; or, again, whether certain sea-shells inhabiting 
the shores of North America, which are ranked by some con- 
ehologists as distinct species from their European representatives, 
and by other conchologists as only varieties, are really varieties, 
or are, as it is called, specifically distinct. This could be effected 
by the future geolo^st only by his discovering in a fossil state 
numerous intermediate gr^ations; and such success is im- 
probable in the highest degree. 

It has been asserted over and over again, by writers who 
believe in the immutability of species, that geology yields uo 
Mnkiug forms. This assertion, as we shall see in the next chapter, 
m certeinly erroneous. As Sir J. Lubbock has remarked, ‘‘Every 
**spmQS is a link between other allied foims.” If we take a genus 
having a score of species, recent and extinct, and destroy four- 
fifths of them, no one doubts that the remainder will stand much 
more distinct from each other. If the extreme forms in the genus 
happen to have been thus destroyed, the genus itself will stand 
more distinct from other allied genera. What geological research 
has not revealed, is the former existence of infinitely numerous 
gradations, as fin© as escisri^ varieties, connecting together nearly 
all existing and extinct species. But this ought not to be expect; 
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yet tills lias been repeatedly advanced as a most serious objection 
against my views. 

It may be wortb wliile to sum up tbe foregoing reinarbs ou tlic 
causes of the imperfection of the geological record under an 
imaginary illustration. The [Malay Archipelago is about the size 
of Europe from the North Cape to the ^Xediterranean, and iTom 
Britain to Ilussia ; and therefore equals all the geological forma- 
tions which liaie been examined with any accuracy, excepting 
those of the Cnited States of America. 1 tuily agree with Mr. 
Godwin-Aiisten, that the present condition of the [Malay Archi- 
pelago, with its numerous large islands separated by wide and 
shallow" seas, probably represents the former state of Europe, 
whilst most of our formations w^ere accumulating. The Malay 
Archipelago is one of the richest regions in organic beings ; yet if 
aU the species were to be collected which have ever lived thei'e, 
how imperfectly would they represent the natural history of the 
wmrld ! 

But we have every reason to believe that the terrestrial produc- 
tions of the archipelago would be preserved in an extremely 
imperfect manner in the formations which w"e suppose to be there 
accumulating. Not many of the strictly littoral animals, or oi 
those which lived on naked submaxine rocks, would be embedded ; 
and those embedded in gravel or sand w’ould not endure to a 
distant epoch. Mlierever sediment did not accumulate on the bed 
of the sea, or where it did not accumulate at a sufficient rate to 
protect organic bodies from decay, no remains could be preserved. 

Formations rich in fossils of many kinds, and of thickness suffi- 
cient to last to an age as distant in futurity as the secondary forma- 
tions lie in the past, would generally be formed in the archipelago 
only during periods of subsidence. These periods of subsidence 
would be separated from each other by immense intervals of time, 
during which the area would be either stationary or rising; whilst 
rising, the fossilifei'ous formations on the steeper shores would b© 
destroyed, almost as soon as accumulated, by the incessant coast- 
action, as we now see on the shores of South America. Even 
throughout the extensive and shallow seas within the archipelago, 
sedimentary beds could hardly be accumulated of great thick- 
ness during the periods of elevation, or become capped and 
protected by subsequent deposits, so as to have a good chance of 
enduring to a very distant future. During the periods of sub- 
sidence, there would probably be much extinction of life ; during 
the periods of elevation, there would be much variation, but the 
geological record would then be less perfect. 

It maybe doubted whether the duration of any one great period 
<?f subsidence over the whole or part of the archipelago, together 
with a ^ntemporaneous accumulation of sediment^ would ewce&d 
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the average duration of the same specific forms ; and these con- 
tingencies are indispensable for the preservation of all the transi- 
tional gradations between any two or more species. If such 
gradations were not all fully preserved, transitional varieties 
would merely appear as so many new, though closely allied 
species. It is also probable that each great period of subsidence 
would be interrupted by oscillations of level, and that slight 
climatal changes would intervene during such lengthy periods ; 
and in these cases the inhabitants of the archipelago would 
migrate, and no closely consecutive record of their modifications 
could be preserved in any one formation. 

Very many of the marine inhabitants of the archipelago no%v 
range thousands of miles beyond its confines; and analogy plainly 
leads to the belief that it would be chiefly these far-ranging 
species, though only some of them, which would oftenest produce 
new varieties ; and the varieties would at first be local or confined 
to one place, but if possessed 'of any decided advantage, or when 
further modified and improved, they would slowly spread and 
supplant their parent-forms. T\^en such varieties returned to 
their ancient homes, as they would differ from their fonner state 
in a nearly uniform, though perhaps extremely slight degree, and 
as they would be found embedded in slightly different sub-stages 
of the same formation, they w'ould, according to the principles 
followed by many palaeontologists, be ranked as new and distinct 
species. 

If then there be some degree of truth in these remarks, "we have 
no right to expect to find, in our geological formations, an infinite 
number of those fine transitional forms which, on our theory, have 
connected all the past and present species of the same group into 
one long and branching chain of life. We ought only to look for 
a few links, and such assuredly we do find — some more distantly, 
some more closely, related to each other ; and these links, let them 
be ever so close, if found in different stages of the same formation, 
would, by many palaeontologists, be ranked as distinct species. 
But I do not pretend that I should ever have suspected how poor 
was the record in the best preserved geological sections, had not 
the absence of innumerable transitional links between the species 
which lived at the commencement and close of each formation, 
pr^ed so hardly on my theory. 

On iAe sudden Appearance of whole Groups of allied Species. 

The abrupt manner in which whole groups of species suddenly 
appear in certain formations, has been urg^ by several palseonto- 
lo^sts— for instance, by Aga^iz, Pictet, and Sed^efc—as a fatal 
objection to the belief in the transmutation of species. If numerous 
species, belonging to the same genera or families, have really started 
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into life at once, the fact would be fatal to the theory oi evolution 
through natural selection. For the development by this means 
of a group of forms, all of which are descended from some one 
progenitor, must have been an extremely slow process ; and the 
progenitors must have lived long before their modified descendants. 
But we continually overrate the perfection of the geological 
record, and falsely infer, because certain genera or families have 
not been found beneath a certain stage, that they did not exist 
before that stage. In all cases positive palaeontological evidence 
may be implicitly trusted; negative evidence is worthless, as 
experience has so often shown. We continually forget how large 
the world is, compared with the area over which our geological 
formations have been carefully examined ; we forget that groups 
of species may elsewhere have long existed, and have slowly multi- 
plied, before they invaded the ancient archipelagoes of Europe and 
the United States. We do not make due allowance for the 
intervals of time which have elapsed between our consecutive 
formations, — longer perhaps in many cases than the time required 
for the accumulation of each formation. These intervals will have 
given time for the multiplication of species from some one parent- 
form: and in the succeeding formation, such groups or species 
will api)ear as if suddenly created. 

I may here recall a remark formerly made, namely, that it might 
require a long succession of ages to adapt an organism to some 
new and peculiar line of life, for instance, to fly through the air; 
and consequently that the transitional forms would often long 
remain confined to some one region ; but that, when this adapta- 
tion had once been effected, and a few species had thus acquired a 
great advantage over other organisms, a comparatively short time 
would be necessary to produce many divergent forms, which would 
spread rapidly and widely, throughout the world. Professor Pictet, 
in his excellent Keview of this work, in commenting on early 
transitional forms, and taking birds as an illustration, cannot see 
how the successive modifications of the anterior limbs of a sup- 
posed prototype could possibly have been of any advantage. But 
look at the penguins of the Southern Ocean ; have not these birds 
their front limbs in this precise intermediate state of “ neither true 
“arms nor true wings ” ? Yet these birds hold their place victori- 
ously in the battle for life ; for they exist in infinite numbers and 
of many kinds. I do not suppose that we here see the real 
transitional grades through which the wings of birds have passed ; 
but what special difficulty is there in believing that it might profit 
the modifi^ descendants of the penguin, first to become enabled 
to flap along the surface of the sea like the logger-headed duck, 
and ultimately to rise from its surface and glide through the air I 

I will now give a few examples to iUustmte the foregoing 
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remarks, and to sliow how liable we are to error in supposing that 
■whole groups of species have suddenly been produced. Even in 
so short an interval as that between the first and second editions 
of Pictefs great work on Paleontology, j)nblished in 1844-46 and 
in 185S-57, the conclusions on the first appearance and disappear- 
ance of several groups of animals have been consxderaldy modified ; 
and a third edition would require still further changes. I niay 
recall the weli-knowir fact that in geological treatises, published 
not many years ago, mammals were always spoken of as having 
abruptly come in at the commencement of the tertiary series. 
And now cue of the richest known accumulations of fossil 
mammals belongs to the middle of the secondary series; and true 
mammals have been discovered in the new red sandstone at nearly 
the commencement of this great series. Cuvier used to urge that 
no monkey occurred in any tertiary stratum; but now extinct 
species have been discovered in India, South America, and in 
Europe, as far back as the miocene stage. Had it not been for the 
rare accident of the preservation of footstei)3 in the new red sand- 
stone of the United States, ■who would have veil cured to suppose 
that no less than at least thirty difierent bird-bice animals, some 
of gigantic size, existed during that period ? Not a fragment of 
bone has been discovered in these beds, Not long ago, paleonto- 
logists maintained that the whole class of birds came suddenly 
into existence during the eocene period ; but now ■w’e know, on the 
authority of Professor Owen, that a bird certainly lived during the 
deposition of the upper greensand ; and still more recently, that 
strange bird, the Archeopteryx, -with a long lizard-liko tail, bearing 
a pair of feathers on each joinl^ and ■with its wdngs furnished with 
two free claws, has been discovered in the oolitic slates of Solen- 
hofen. Hardly any recent discovery shows more forcibly than 
this, how little we as yet know of the former inhabitants of the 
world. 

I may give another instance, which, from having passed under 
my own eyes, has much struck me. In a memoir on Eossil Sessile 
Cinipedes, I stated that, from the large number of existing and 
«*iiict tertiary species ; from the extraordinary abundance of the 
indi’vidmls of many species all over the 'world, from the Arctic 
rescans to the equator, inhabiting various zones of depths from the 
upper tidal limits to 60 fathoms; from the perfect manner in 
wHch speemens are preserved in the oldest tertiary beds ; from 
the ease wi% which even a fragment of a valve can be recognised ; 
from all these circumstances, I inferred that, had sessile cirripedes 
existed during the SMondary periods, they would certainly have 
been, preserved ahd discovered; and as not one species had then 
been discovered in beds of this age, I concluded that this great 
group had been suddenly devd.oped at the commencement of the 
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tertiary series. This was a sore trouble to me, as I tiieii 

tJaouglit one more instance of the abrupt appearance of a great 
group of species. But my work had hardly been published, when 
a skilful pakeontologiat, M. Boscpiet, sent me a drawing of a per- 
fect specimen of an unmistakeabie sessile cirripede, which lie had 
himself extracted from the chalk of Belgium. And, as if to make 
the case as striking as possible, this cirripede was a Chthaiiialus, a 
very common, large, and nbiquitous genus, of which not one species 
has as yet been found even in any tertiary stratmm Still more 
recently, a PjTgonia, a member of a distinct sub-family of sessile 
cirripedes, has been discovered by Mr. Woodward in the upxier 
chalk ; so that we now have abundant evidence of the existence 
of this group of animals diuing the secondary xieriod. 

The case most frequently insisted on by paheontologists of the 
apparently sudden appearance of a whole group of species, is that 
of the teieostean fishes, low do'wn, according to Agassiz, in the 
Chall: period. This group includes the large majority of existing 
species. But certain J urassic and Triassic forms are now commonly 
admitted to be teieostean ; and even some palaeozoic forms have 
thus been classed by one high authority. If the teleosteans had 
really appeai’ed suddenly in the northern hemisxfiiere at the com- 
mencement of the chalk formation, the fact would have been 
highly remarkable ; but it would not have formed an insuperable 
difficulty, unless it could likewise have been shown that at the 
same i>eriod the species were suddenly and simultaneously 
developed in other quarters of the world. It is almost superfluous 
to remark that hardly any fossil-fish are known from south of the 
equator ; and by running through Pictet’s PaljBontology it will be 
seen that very few species are known from several formations in 
Euroi)e. Some few families of fish now have a confined range ; 
the teieostean fishes might formerly have had a similarly confined 
range, and after haTOig been largely developed in some one sea, 
have spread mdely. Nor have we any right to suppose that the 
seas of the world have always been so freely open from south to 
north as they are at present. Even at this day, if the Malay 
Archipelago were converted into land, the tropical parts of the 
Indian Ocean would form a large and perfectly enclosed basin, in 
which any great group of marine animals might be multiplied; 
and here they would remain confined, until some of the species 
became adapted to a cooler climate, and were enabled to double 
the Southern capes of Africa or Australia, and thus reach other 
and distant seas. 

. jjProm these considerations, from our ignorance of the geology of 
O&er. countries beyond the confines of Europe and the United 
and f^om the revolution in our palseontological knowledge 
effected by the discoveries of the last dozen years, it seems to me 
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support the view, that the older a formation is, the more in- 
variably it has suffered extreme denudation and metaiuorphism. 

The ease at present must remain inexplicable; and may be 
truly urged as a valid argument against the views here enter- 
tained. To show that it may hereafter receive some exxdaiiation, 
I will give the following hyx>othesis. From the nature of the 
organic remains which do not appear to have inhabited profound 
depths, in the several formations of Europe and of the United 
States; and from the amount of sediment, miles in thickness, of 
which the formations are composed, we may infer that from first 
to last large islands or tracts of land, whence the sediment was 
derived, occurred in the neighbourhood of the now existing con- 
tinents of Europe ai d North America, The same view has since 
been maintained by Agassiz and others. But we do not know 
what was the state of things in the intervals bet^veen the several 
successive formations; whether Europe and the United States 
during those intervals existed as dry land, or as a submarine 
surface near land, on ■which .sediment was not deposited, or as the 
bed of an open and unfathomable sea. 

Looking to the existing oceans, which are thrice as extensive as 
the land, wo see them studded -with many islands; but hardly 
one truly oceanic island (with the exception of New Zealand, if 
this can be called a truly oceanic island) is as yet known to afford 
even a remnant of any paheozoic or secondary formation. Hence 
we may perhaps infer, that during the palaaozoic and secondary 
periods, neither continents nor continental islands existed wdiere 
our oceans now extend; for had they existed, palaeozoic and 
secondary formations would in all probability have been accumu- 
lated from sediment derived from their wear and tear ; and these 
would have been at least partially upheaved by the oscillations of 
level, which must have intervened during these enormously long 
periods. If then we may infer anything from these facts, we may 
infer that, where our oceans now extend, oceans have extended 
from the remotest period of which we have any record ; and on 
the other hand, that were continents now exist, large tracts of 
land have existed, subjected no doubt to great oscillations of 
level, since the Cambrian i)eriod. The coloured map appended to 
my volume on Coral Reefs, led me to conclude that the great 
oceans are still mainly areas of subsidence, the great archipelagoes 
still areas of oscillations of level, and the continents areas of 
elevation. But we have no reason to assume that things have 
thus remained from the beginning of the world. Our continents 
seem to have been formed by a preponderance, during many 
oscillations of level, of the force of elevation ; but may not the 
areas of preponderant movement have changed in the lapse of 
ages ? At a period' long; antecedent to the Caiiibrlan epochi 
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coniinents may liave existed where oceans are now spread out : 
and clear and open oceans maj’iiave existed where our continents 
now stand. Nor slioiild we be justified in assuming that if. for 
instance, the bed of the Pacific Ocean W’ere now converted into 
a, continent w'e should there find sedimentary formations in a 
recognisable eoiidition older than the Cambrian strata, supi»osing 
such to have been formerly deposited ; for it might well happen 
that strata which had subsided some miles nearer to the centre o! 
the earth, and ivhich had been pressed on by an enormous weight 
of siiperinciimbciii wader, might have undergone far more meta> 
niorphic action than strata which have alw^ays remained nearer to 
the surface. The immense areas in some parts of the world, for 
instance in South America, of naked metamortihic rocks, which 
must have been heated under great pressure, have always seemed 
to me to require some special explanation ; and we may perhaps 
believe that w'e see in these large areas, the many formations long 
anterior to the Cambrian epoch in a completely metamorphosed 
and denuded condition. 

The several difficulties here discussed, namely — that, though wm 
find in our geological formations many links between the species 
which now exist and which formerly existed, we do not find 
infinitely numerous fine transitional forms closely joining them all 
together ;""the sudden manner in which several groups of species 
first appear in our European formations; — the almost entire 
absence, as at present known, of fonnatious rich in fossils beneath 
the Cambrian strata, — are all undoubtedly of the most serious 
nature. ‘We see this in the fact that the most eminent iialjjeon- 
tologists, namely, Cuvier, Agassiz, Barrande, Pictet, Falconer, E. 
Forbes, &c., and all our greatest geolo, gists, as Lyell, j?iIurchison, 
Sedgwick, &c., have unanimously, often vehemently, maintained 
the immutability of species. But Sir Charles Lyell now gives 
the support of his high authority to the opposite side ; and most 
geologists and paleontologists are much shaken in their former 
belief. Those who believe that the geological record is in any 
degree perfect, will undoubtedly at once reject the theory. For 
my part, following out Lyelhs metaphor, I look at the geological 
record as a history of the world imperfectly kept, and written in 
a changing dialect ; of this history we possess the last volume 
alone, relating only to two or three countries. Of this volume, 
only here and there a short chapter has been preserved ; and of 
each page, only here and there a few lines. Each word of the 
slowly-changing language, more or less different in the successive 
chapters, may represent the forms of life, which are entombed in 
our wnsecutive formations, and which falsely appear to have 
been abruptly introduced. On this view, the difficultly above 
diseuwed are greatly diminished, or even disappear. 
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CHAPTER XL 

Ok the Geological Sttccessiok of Oeganic Beings. 

On tiie slow and successive appearance of new species — On their different rates 
of change — Species once lost do not reappear — Groups of species follow 
the same general rules in their appearance and disappearance as do smgle 
species — On extinction — On simultaneous changes in the forms of Efa 
throughout the world— On the affinities of extinct species to each other 
and to living species — On the stiite of development of ancient forms — On 
the succession of the eame t^-pcs within the same areas — Summary of pre- 
ceding and present chapter. ’ 

Let us now see wlietlier the several facts and laws relating to 
the geological succession of organic beings accord best with the 
common view of the immutability of species, or with that of their 
slow and gradual modification, through variation and natural 
selection. 

New species have appeared very slowly, one after anothei', both 
on the land and in the waters. Lyell has shown that it is hardly 
possible to resist the evidence on this head in the case of the 
several tertiary stages ; and every year tends to fill up the blanks 
between the stages, and to make the proportion between the lost 
and existing forms more gradual. In some of the most recent 
beds, though undoubtedly of high antiquity if measured by years, 
only one or two species are extinct, and only one or two are new, 
having appeared there for the first time, either locally, or, as far 
as we know, on the face of the earth. The secondary formations 
are more broken ; but, as Bronn has remarked, neither the appear- 
ance nor disappearance of the many species embedded in each 
formation has been simultaneous. 

Species belonging to different genera and classes have not 
changed at the same rate, or in the same degree. In the older 
tertiary beds a few living shells may still be found in the midst 
of a multitude of extinct forms. Falconer has given a striking 
instance of a similar fact, for an existing crocodEe is associated 
■with many lost m^mals and reptiles in the sub-Himalayan 
deposits. The Silurian Lingula differs but little from the living 
species of this genus ; whereas most of the other Silurian Molluscs 
and all the Orustaceans have changed greatly. The productions 
of the land seem to have changed at a quicker rate than those of 
the sea, of which a striking instance has been observed in Switzer- 
land. There is some reason to believe that organisms high in the 
scale, change more quickly fhan those that are low : though there 
are exceptions to this rule. The amount of organic change, as 
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Pictet lias remarked, is not the same in each successiTe so-called 
formation. Yet if we compare any but the most closely related 
formations, all the species will be found to have undergone some 
change. YTien a species has once disappeared from the face of the 
earth, we have no reason to believe that the same identical form 
ever reappears. The strongest apparent exception to this latter 
mle is that of the so-called “colonies” of M. Barrande, which 
intrude for a period in the midst of an older formation, and then 
allow the pre-existing fauna to reappear ; but LyelFs explanation, 
namely, that it is a case of temporary migration from a distinct 
geographical province, seems satisfactorja 

These several facts accord well with our theory, which includes 
no fixed law of development, causing all the inhabitants of an 
area to change abruptly, or simultaneously, or to an equal degree. 
The process of modification must be slow, and will generally alfect 
only a few species at the same time ; for the variability of each 
species is independent of that of all others. Whether such 
variations or individual differences as may arise will be accumu- 
lated through natural selection in a greater or less degree, thus 
causing a greater or less amount of permanent modification, will 
depend on many complex contingencies — on the variations being 
of a beneficial nature, on the freedom of intercrossing, on the 
slowly changing physical conditions of the country, on the 
immigration of new colonists, and on the nature of the other 
inhabitants with which the varying species come into competi- 
tion. Hence it is by no means surprising that one species should 
retain the same identical form much longer than others; or, if 
changing, should change in a less degree. We find similar relations 
between the existing inhabitants of distinct countries ; for in- 
stance, the land-shells and coleopterous insects of Madeira have 
come to differ considerably from their nearest allies on the con- 
tinent of Europe, whereas the marine shells and birds have 
remained unaltered. We can perhaps understand the apparently 
quicker rate of change in terrestrial and in more highly organised 
productions compared with marine and lower productions, by the 
more complex relations of the higher beings to their organic and 
inorganic conditions of life, as explained in a former chapter. 
When many of the inhabitants of any area have become modified 
and improved, we can understand, on the principle of competition, 
and from the all-important relations of organism to organism in 
the struggle for life, that any form which did not become in some 
degree modified and improved, would be liable to extermination. 
Hence we see why all the species in the same region do at lasf^ if 
we look to long enough intervals of time, become modified, for 
otherwise they would become extinct. 

In members of the same class the average amount of dhang^ 



274 THE aEOLOGICAIi SUCCESSION [Chap. SI. 

during long and equal periods of time, may, perliaps, be nearly tlie 
same ; but as tbe accumulation of enduring formations, ricli in 
fossil^ depends on great masses of sediment being deposited on 
subsiding areas, our formations have been almost necessarily accu- 
mulated at wide and irregularly intermittent intervals of time ; con- 
sequently the amount of organic change exhibited by the fossils 
embedded in consecutive fonnations is not equal. Each foniiation, 
on this view, does not mark a new and complete act of creation, 
but only an occasional scene, taken almost at hazard, in an ever 
slowly changing drama. 

We can clearly understand -why a species when once lost should 
never reappear, even if the very same conditions of life, organic 
and inorganic, should recur. For tliough the offspiing of one 
species might be adapted (and no doubt this has occurred in in- 
numerable instances) to fill the place of another species in the 
economy of nature, and thus supplant it ; yet the two forms — the 
old and the neiv — would not be identically the same ; for both 
would almost certainly inlierit different characters from their 
distinct progenitors ; and organisms already differing w'ould vaiy 
in a different manner. For instance, it is possible, if all our fan- 
tail pigeons were destroyed, that fanciers might make a new breed 
hardly distinguishable from the present breed ; but if the i)arent 
rock-pigeou were likewise destroyed, and under nature w’e have 
every reason to believe that parent-forms are generallysupplanted 
and exterminated by their improved offspring, it is incredible that 
a fantail, identical with the existing breed, could be raised from 
any other species of pigeon, or even from any other well-established 
race of the domestic pigeon, for the successive variations w’ould 
almost certainly be in some degree different, and the newly-formed 
variety would probably inherit from its progenitor some character- 
istic differences. 

Groups of species, that is, genera and families, follow the same 
general rules in their appearance and disappearance as do single 
species, dianging more or less quickly, and in a greater or lesser 
degree. ^ A group, when it has once disappeared, never reappears ; 
that is, its existence, as long as it lasts, is continuous. I am aware 
that there are some apparent exceptions to this rule, but the 
exceptions are surprisingly few, so few that E. Forbes, Pictet, and 
Woodward (though all strongly opposed to such views as I main- 
tain) admit its truth ; and the rule strictly accords with the theory. 
For all the species of the same group, however long it may have 
lasted, are the modified descendants one from the other, and all 
from a common progenitor. In the genus Lingula, for instance, 
the species which have successively appeared at all ages must have 
been connected by an unbroken series of generations, from the 
lowest Silurian stratum to the present day. 
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We liave seen in the la^t chapter that whole groups of species 
sometimes falsely api)ear to have bcicn abruptly developed; and I 
have attempted to give an explanation of this fact, vrliicli if true 
would be fatal to my views. But such eases are certainly excep- 
tional ; the general rule being a gradual increase in number, until 
the gi’oiip reaches its maximum, and then, sooner or later, a gradual 
decrease. If the number of the species included within a genus, 
or the niimlier of the genera within a family, be represented by a 
vertical line of varjuug thickness, ascending through the successive 
geological formations, in which the species are found, the line will 
sometimes falsely appear to begin at its lower end, not in a sharp 
point, but abruptly; it then gradually thickens upwards, often 
keeping of equal thickness for a space, and ultimately thins out in 
the upper beds, marking the decrease and final extinction of the 
species. This gradual increase in number of the species of a groui) 
is strictly confomiabie with the theory, for the species of the same 
genus, and the genera of the same family, can increase only slowly 
and progressively ; the process of modification and the production 
of a number of allied forms necessarily being a slow and gradual 
process, — one species first giving rise to two or three varieties, 
these being slowly converted into species, which in tlieir turn pro- 
duce by equally slow steps other varieties and species, and so on, 
like the branching of a great tree from a single stem, till the group 
becomes large. 

On. Extinction. 

We have as yet only spoken incidentally of the disappearance of 
species and of groups of species. On the theory of natural selec- 
tion, the extinction of old forms and the production of new and 
improved forms are intimately connected together. The old notion 
of all the inhabitants of the earth having been swept away by 
catastrophes at successive periods is very generally given up, even 
by those geologists, as Elie de Beaumont, Murchison, Barraude, 
&c., whose general views would naturally lead them to this con- 
clusion. On the contrary, we have every reason to believe, from 
the study of the tertiary formations, that species and groups of 
species gradually disappear, one after another, first from one spot, 
then from another, and finally from the world. In some few cases 
however, as by the breaking of an isthmus and the consequent 
irruption of a multitude of new inhabitants into an adjoining sea, 
or by the final subsidence of an island, the process of extinction 
may have been rapid. Both single species and whole groups of 
species last for very unequal periods; some groups, as we have 
seen, have endured from the earliest known daw» of life to the 
present day; some have disappeared before the close of the 
palaeozoic period. Ho fixed law seems to determine the length of 
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time during any single species or any single genus endures. 
There is reason to believe that the extinction of a whole group of 
species is generally a slower process than their production : if their 
appearance and disappearance be represented, as before, by a 
vertical line of varying thickness the line is found to taper more 
- gradually at its upiier end, which marks the progress of extermina- 
tion, than at its lower end, which marks the first appearance and 
the early increase in number of the species. In some cases, how- 
ever, the extermination of whole groups, as of ammonites, towards 
the close of the secondary period, has been wonderfully sudden. 

The extinction of species has been involved in the most 
gratuitous mystery. Some authors have even supposed that, as 
the individual lias a definite length of life, so have species a 
definite duration. No one can have marvelled more than I have 
done at the extinction of species. When I found in La Plata 
the tooth of a horse embedded with the remains of Mastodon, 
]^Iegatlierium, Toxodon, and other extinct monsters, which all 
co-existed vith still living shells at a very late geological period, 
I was filled witli astonishment; for, seeing that the horse, since 
its introduction by the Spaniards into South America, has run 
wild over the whole country and has increased in numbers at an 
unparalleled rate, I asked myself what could so recently have 
exterminated the former horse under conditions of life apparently 
so favourable. But my astonishment was groundless. Professor 
Owen soon perceived that the tooth, though so like that of the 
existing horse, belonged to an extinct species. Had this horse 
been still living, but in some degree rare, no naturalist would 
have felt the least surprise at its rarity; for rarity is the attri- 
bute of a vast number of species of all classes, in all countries. 
If we ask ourselves why this or that species is rare, we answer 
that something is unfavourable in its conditions of life; but what 
that something is we can hardly ever tell. On the supposition of 
the fossil horse still existing as a rare species, we might have felt 
certain, from the analogy of all other mammals, even of the slow- 
breeding elephant, and from the history of the naturalisation of 
the domestic horse in South America, that under more favourable 
conditions it w’ould in a very few years have stocked the whole 
continent But we could not have told what the unfavourable 
conditions were which checked its increase, whether some one or 
several contingencies, and at what period of the horse's life, and 
In what degree they severally acted. If the conditions had gone 
on, however slowly, becoming less and less favourable, we 
assuredly should not have perceived the fact, yet the fossil 
horse would certainly have become rarer and rarer, and finally 
extinct its place being seized on by some more successful 
competitor. 
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It is iiiosfe difficult always to reniemLei’ tliat tlie increase of 
eveiy creature is constantly beins checked by iinperceived hostile 
agencies; and that these same unperceh'ed agencies are amply 
sufficient to cause rarity, and iinally extinction. So little is this 
subject uuderstoodj that I have heard surprise repeatedly ex- 
pressed at such great monsters as the Mastodon and the more 
ancient Biiiosaurians haffing become extinct; as if mere bodily 
strength gave victory in the battle of life. Mere size, on the 
contrary, would in some cases determine, as has been remarked 
by Owen, quicker extermination from the greater amount of 
requisite food. Before man inhabited India or Africa, some 
cause must have checked the continued increase of the existing 
elephant. A highly capable judge, Br. Falconer, believes that it 
is chiefly insects wffiicli, from incessantly harassing and iveakening 
the elephant in India, check its increase; and this was Bruce’s 
conclusion with respect to the African elephant in Abyssinia. It 
is certain that insects and blood-sucking bats determine the 
existence of the larger naturalized quadrupeds in several parts 
of S. America. 

We see in many cases in the more recent tertiary formations, 
that rarity precedes extinction; and we know that this has been 
the progress of events with those animals w'hich have been exter- 
minated, either locally or wholly, through man’s agency. I may 
repeat wffiat I published in 1845, namely, that to admit that 
species generally become rare before they become extinct — to 
feel no surprise at the rarity of a species, and yet to marvel 
greatly when the species ceases to exist, is much the same as to 
admit that sickness in the individual is the forerunner of death 
— to feel no surprise at sickness, but, when the sick man dies, to 
wonder and to suspect that he died by some deed of violence. 

The theory of natural selection is grounded on the belief that 
each new variety and ultimately each new species, is produced and 
maintained by having some advantage over those with which it 
comes into competition; and the consequent extinction of the 
less -favoured forms almost inevitably follows. It is the same 
with our domestic productions; when anew and slightly improved 
variety has been raised, it at first supplants the less improved 
varieties in the same neighbourhood ; when much improved it 
is transported far and near, like our short-horn cattle, and takes 
the place of other breeds in other countries. Thus the appearance 
of new forms and the disappearance of old forms, both those 
naturally and those artificially produced, are bound together. 
In fiourishing groups, the number of new specific forms which 
have been produced within a given time has at some periods 
probably been greater than the number of the old specific forms 
which have been exterminated; but we know that species have 
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not^ gone on indefinitely increasing, at least during the later geo- 
logical epochs, so that, looking to later times, we may believe that 
the production of new forms has caused the extinction of about 
the same number of old forms. 

The competition will generally be most severe, as formerly 
explained and illustrated by examples, between the forms which 
are most like each other in all respects. Hence the improved and 
modified descendants of a species wall generally cause the exter- 
mination of the parent-species ; and if many new forms have been 
developed from any one species, the nearest allies of that species, 
Le, the species of the same genus, wiU be the most liable to 
extermination. Thus, as I believe, a number of new species 
descended from one species, that is a new genus, comes to 
supplant an old genus, belonging to the same family. But it 
must often have liaj^pened that a new species belonging to some 
one group has seized on the place occupied by a species belonging 
to a distinct group, and thus have caused its extermination. If 
many allied forms be developed from the successful intruder, 
many will have to yield their places ; and it will generally be the 
allied forms, whicli will suffer from some inherited inferiority in 
common. But whether it be species belonging to the same or to a 
distinct class, which have jdelded their places to other modified 
and improved species, a few of the sufferers may often be preserved 
for a long time, from being fitted to some peculiar line of life, or 
from inhabiting some distant and isolated station, where they will 
have escaped severe competition. For instance, some species of 
Trigonia, a great genus of shells in the secondary formations, 
survive in the Australian seas ; and a few members of the great 
and almost extinct group of Ganoid fishes still inhabit our fresh 
waters. Therefore the utter extinction of a group is generally, as 
we have seen, a slower process than its production. 

With respect to the apparently sudden extermination of whole 
families or orders, as of Trilobites at the close of the paljeozoic 
period and of Ammonites at the close of the secondary period, 
we must remember what has been already said on the probable 
wide intervals of time between our consecutive formations ; and 
in these intervals there may have been much slow extermination. 
Moreover, when, by sudden immigration or by unusually rapid 
development, many species of a new group have taken possession 
of an area^ many of the older species will have been exterminated 
in a correspondingly rapid manner; and the forms which thus 
yield their places will commonly be allied, for they will partake 
of the same inferiority in common. 

Thus, as it seems to me, the manner in which single species and 
whole groups of species become extinct accords well with the 
theory of natural selection. We need not marvel at extinction; 
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if we must marvelj let it be at our own presumption in imagining 
for a moment that we understand the many complex contingencies 
on w-liich the existence of each species depends. If we forget for 
an instant that each species rends to increase inordinately, and 
that some check is ahvays in action, yet seldom perceived by us, 
the whole economy of nature will be utterly obscured. Il^en- 
ever we can precisely say why this species is more abundant in 
individuals than that ; w^hy this species and not another can be 
naturalised in a given country ; then, and not until then, we may 
yistiy feel surprise w hy we cannot account for the extinction of 
any particular species or group of species. 

Qn the Forms of Life changing almost sinmltaneously throughout 
the World, 

Scarcely any paleontological discovery is more striking than 
the fact that the forms of life change almost simultaneously 
throughout the world. Thus our European Chalk formation 
can be recognised in many distant regions, under the most 
different climates, where not a fragment of the mineral chalk 
itself can be found; namely in North America, in equatorial 
South America, in Tierra del Euego, at the Cape of Cood Hope, 
and in the peninsula of India. For at these distant points, the 
organic remains in certain beds present an unmistakeable resem- 
blance to those of the Chalk. It is not that the same species are 
met with; for in some cases not one species is identically the 
same, but they belong to the same families, genera, and sections 
of genera, and sometimes are similarly characterised in such 
trifling points as mere superficial sculpture. Moreover, other 
forms, which are not found in the Chalk of Europe, but which 
occur in the formations either above or below, occur in the same 
order at these distant points of the world. In the several 
successive paleozoic formations of Kussia, Western Europe, 
and North America, a similar parallelism in the forms of life 
has been observed by several authors; so it is, according to 
Lyell, with the European and North American tertiary deposits. 
Even if the few fossil species which are common to the Old 
and New Worlds were kept wholly out of view, the general 
parallelism in the successive forms of lif^ in the palseozoic and 
tertiary stages, would still be manifest, and the several formations 
could be easily correlated. 

These observations, however, relate to the marine inhabitants of 
the world: we have not sufficient data to Judge whether the pro- 
ductions of the land and of fresh water at distant points change in 
the same parallel manner. We may doubt whether they have thus 
changed : if the Megatherinm, Mylodon, Maerauchenia, and Toio- 
don had been brought to Europe from La Plata, without any 
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information in regard to tlieir geological 2:>osition, no one would 
liave suspected that they had co-existed with sea-shells all still 
living; but as these anomalous monsters co-existed with the l^Ias- 
todoii and Horse, it might at least have been inferred that they 
had lived during one of the later tertiary stages. 

When the marine forms of life are spoken of as having changed 
simultaneously throughout the world, it must not be supposed that 
this expression relates to the same year, or to the same century, 
or even that it has a very strict geological sense ; for if all the 
marine animals now living in Europe, and all those that lived in 
Europe during the pleistocene period (a very remote period as 
measured by years, including the whole glacial epoch) were com- 
pared vith those now existing in South America or in Australia, 
tlie jncst skilful naturalist would hardly be able to say whether the 
present or the pleistocene inhabitants of Europe resembled most 
closely those of the southern hemisphere. So, again, several highly 
competent observers maintain that the existing productions of the 
United {States are more closely related to those which lived in 
Europe during certain late tertiary stages, than to the present 
inhabitants of Europe ; and if this be so, it is evident that fossili- 
ferous beds now deposited on the shores of Horth America would 
hereafter be liable to be classed with somewhat older European 
beds. Nevertheless, looking to a remotely future epoch, there can 
be little doubt that all the more modern marine formations, 
namely, the upper pliocene, the pleistocene and strictly modern 
beds of Europe, North and South America, and Australia, from 
containing fossil remains in some degree allied, and from not in- 
cluding those forms which are found only in the older underlying 
deposits, would bo correctly ranked as simultaneous in a geological 
sense. 

The fact of the fonns of life changing simidtaneously, in the 
above large sense, at distant parts of the world, has greatly struck 
those admirable observers, hIM. de Verneuil and d^Archiac. After 
referring to the parallelism of the palaeozoic forms of life in various 
parts of Europe, they add, “ If, struck by this strange sequence, 
we turn our attention to North America, and there discover a 
series of analogous phenomena, it wiU appear certain that aU these 
modifications of species, their extinction, and the introduction of 
new ones, cannot be owing to mere changes in marine currents or 
other causes more or less local and temporary, but depend on 
general laws which govern the whole animal kingdom.” M. Bar- 
rande has made forcible remarks to precisely the same effect. It 
is, indeed, quite futile to look to changes of currents, climate, or 
other physical conditions, as the cause of these great mutations in 
the forms of life throughout the world, under the most different 
eiimates. We must, as Banande has remarked, look to som^ 
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special law. We shall see this more clearly we treat of the 
present distribution of organic beings, and find how fcliglit is th© 
relation between the physical conditions of xarious countries and 
the nature of their inhabitants. 

This great fact of the parallel succession of the forms of life 
throughout the world, is expiicalfie on the theory of natural selec- 
tion. New species are formed by having some advantage over 
older forms ; and the forms, which are already dominant, or have 
some advantage over the other forms in their own country, give 
birth to the greatest number of new varieties or incipient species. 
'We liave distinct evidence on this head, in the plants which are 
dominant, that is, which are commonest and most widely diJfused, 
producing the greatest number of new” varieties. It is also natural 
that the dominant, varying, and far-spreading species, wiiicii have 
iiiready invaded to a certain extent the tenitories of other species, 
should be those which wmuld have the best chance of spreading still 
further, and of giving rise in new countries to other new” varieties 
and species. The process of difiusion would often be very slow^, de- 
pending on climatal and geographical changes, on strange accidents, 
and on the gradual acclimatisation of new species to the various 
climates through which they might have to pass, but in the course 
of time the dominant forms w’ould generally succeed in spreading 
and -would ultimately prevail. The diffusion would, it is probable, 
be slower w”ith the terrestrial inhabitants of the distinct continents 
than with the marine inhabitants of the continuous sea. We might 
therefore expect to find, as we do find, a less strict degree of paral- 
lelism in the succession of the productions of the land than with 
those of the sea. 

Thus, as it seems to me, the parallel, and, taken in a large sense, 
simultaneous, succession of the same forms of life throughout the 
ivorld, accords well with the principle of new species having been 
formed by dominant species spreading widely and varying; the 
new' species thus produced being themselves dominant, owing to 
their having had some advantage over their already dominant 
parents, as well as over other species, and again spreading, vary- 
ing, and producing new forms. The old forms which are beaten 
and which yield their places to the new and victorious forms, will 
generally be allied in groups, from inheriting some inferiority in 
common; and therefore, as new' and improved groups spread 
throughout the world, old groups disappear from the world ; and 
the succession of forms everywhere tends to correspond both in 
their first appearance and final disappearance. 

There is one other remark connected with this subject worth 
making. I have given my reasons for believing that most of our 
great formations, rich in fossils, were deposited during periods of 
subsidence; and that blank iutervais of vast duration, as far as 
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fossils are concerned, occurred during the periods when the bed of 
the sea was either stationary or rising, and likewise when sediment 
was not thrown down quickly enough to embed and preserve 
organic remains. During these long and blank intervals I suppose 
that the inhabitants of each region underwent a considerable 
amount of modification and extinction, and that there was much 
migration from othcT parts of the world. As we have reason to 
believe that large areas are affected by the same movement, it is 
probable that strictly contemporaneous formations have often been 
accumulated over very wide spaces in the same quarter of the 
world ; but we are very far from having any right to conclude that 
this has invariably been the case, and that large areas have in- 
variably been affected by the same movements. Vfhm t’wo forma- 
tions have been dopositod in two regions during nearly, but not 
exactly, the same period, we should find in both, from the causes 
exx>lained in the foregoing paragraphs, the same general succession 
in tJie forms of life ; but the species would not exactly correspond ; 
for there will liave been a little more tune in the one region than 
in the other for modification, extinction, and immigration. 

I suspect that cases of this nature occur in Europe. Mr. Prest- 
wich, in his admirable Memoirs on the eocene deposits of England 
and France, is able to draw a close general parallelism between 
the successive stages in the two countries ; but wEen he compares 
certain stages in England with those in Emnce, although he finds 
in both a curious accordance in the numbers of the species belong- 
ing to the same genera, yet the species themselves differ in a 
manner very difficult to account for considering the proximity of 
the two areas, — unless, indeed, it be assumed that an isthmus 
separated two seas inhabited by distinct, but contemporaneous, 
faunas. Lyell has made similar observations on some of the later 
tertiary formations. Barrande, also, shows that there is a striking 
general xiaralleiism in the successive Silurian deposits of Bohemia 
and Scandinavia; nevertheless he finds a surprising amount of 
difference in the species. If the several formations in these regions 
have not been deposited during the same exact periods , — sl forma- 
tion in one region often corresponding with a blank interval in the 
other, —and if in both regions the species have gone on slowly 
changing during the accumulation of the several formations and 
during the long intervals of time between them; in this case the 
several formations in the two regions could be arranged in the 
same order, in accordance with the general succession of the forms 
of life, and the order would falsely appear to be strictly parallel ; 
nevertheless the species would not be all the same in the apparently 
corresponding stages in the two regions. 
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0)1 Lk' Aji}itii€S of EjcHnct Species to each othj\ a ad to 

Living Forms, 

Let 113 now look to the mutnal affinities of extinct and living 
species. Ail fall into a few grand classes ; and this fact is at once 
explained on the principle of descent. The more ancient any form 
is, the more, as a general rule, it differs from living forms. But, 
as Buckland long ago remarked, extinct species can all be classed 
either in still existing groups, or between them. That the extinct 
forms of life help to hll up the intervals between existing genera, 
families, and orders, is certainly true j but as this statement has 
often been ignored or even denied, it may be well to make some 
remarks on this subject, and to give some instances. If we confine 
our attention either to the living or to the extinct species of the 
vsame class, the series is far less perfect than if w'e combine both 
into one general system, in the -writings of Professor Owen we 
continually meet with the expression of generalised forms, as 
applied to extinct animals; and in the writings of Agassiz, of 
prophetic or synthetic types; and these terms imply that such 
forms are in fact intermediate or connecting links. Another 
distinguished palaeontologist, M. Gaudry, has shown in the most 
striking manner that many of the fossil mammals discovered by 
him in Attica serve to break dovm the intervals between existing 
genera. Cuvier ranked the Euminants and Pachyderms, as two 
of the most distinct orders of mammals : but so many fossil links 
have been disentombed that Owen has had to alter the whole 
classification, and has placed certain pachyderms in the same sub- 
order with ruminants ; for example, he dissolves by gradations the 
apparently wide interval between the pig and the camel. The 
Ungulata or hoofed quadrupeds are now di-vuded into the even- 
toed or odd-toed divisions; but the Macrauchenia of S. America 
connects to a certain extent these two grand divisions. 3No one 
will deny that the Hipparion is intermediate between the existing 
horse and certain older. ungulate forms. What a wonderful con- 
necting link in the chain of mammals is the Typotherium from 
S. America, as the name given to it by Professor Gervais expresses, 
and which cannot be placed in any existing order. The Sirenia 
form a very distinct group of mammals, and one of the most 
remarkable peculiarities in the existing dugong and lamentin is 
the entire absence of hind limbs without even a rudiment being 
left; but the extinct Halitherium had, according to Professor 
Flower, an ossified thigh-bone ‘‘articulated to a well-defined 
acetabulum in the pelvis,” and it thus makes some approach to 
ordinary hoofed quadrupeds, to which the Sirenia are in other 
respects allied. The cetaceans or whales are widely different from 
all other mammals, but the tertiary Zeuglodon and Bquaiodon, 
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whicli hate been placed by some natnralists in an order by them- 
selves, are considered by Professor Huxley to be undoubtedly 
cetaceans, “and to constitute connecting links with the aquatic 
carnivora.” 

Even the tide interval between birds and reptiles has been 
shown by the naturalist just quoted to be partially bridged over 
in the most unexpected manner, on the one hand, by the ostrich 
and extinct Archeopteryx, and on the other hand, by the Compsog- 
nathus, one of the Dinosaurians — that group which includes the 
most gigantic of all terrestrial reptiles. Turning to the Iiiverte- 
brata, Barrande asserts, a higher authority could not be named, 
that he is every day taught that, although palaeozoic animals can 
certainly be classed under existing groups, yet that at this ancient 
period the groups were not so distinctly separated from each other 
as they now are. 

Some writers have objected to any extinct species, or group of 
species, being considered as intermediate between any two living 
species, or groups of species. If by this term it is meant that an 
extinct form is directly intermediate in all its characters between 
two living forms or groups, the objection is probably valid. But 
in a natural classification many fossil species certainly stand 
between living species, and some extinct genera between living 
genera, even between genera belonging to distinct families. The 
most common case, especially with respect to very distinct groups, 
such as fish and reptiles, seems to be, that, supposing them to be 
distinguished at the present day by a score of characters, the 
ancient members are separated by a somewhat lesser number 
of characters ; so that the two groups formerly made a somewhat 
nearer approach to each other than they now do. 

It is a common belief that the more ancient a form is, by so 
much the more it tends to connect by some of its characters 
groups now widely separated from each other. This remark no 
doubt must be restricted to those groups which have undergone 
much change in the course of geological ages; and it would be 
difficult to prove the truth of the proposition, for every now and 
then even a living animal, as the Lepidosiren, is discovered having 
affinities directed towards very distinct groups. Yet if we com- 
pare the older Eeptiles and Batrachians, the older Fish, the older 
Cephalopods, and the eocene Mammals, with the more recent 
members of the same classes, we must admit that there is truth 
in the remark. 

Let us see how far these several facts and inferences accord 
with the theory of descent with modification. As the subject 
is somewhat complex, I must request the reader to turn to the 
diagram in the fourth chapter. We may suppose that the 
numbered letters in italics represent genera, and the dotted lines 
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diverging from them tlie species in each genus. The diagram is 
much too simple, too few genera and too few species being given, 
but this is unimportant for us. The horizontal lines may represent 
successive geological foriiiations, and all the forms beneath the 
uppermost line may be considered as extinct. The three existing 
genera will form a small family; and a closely 

allied family or sub-family ; and a third family. These 

three families, together with the many extinct genera on the several 
lines of descent diverging from the parent-form (A) %vill form 
an order, for all will have inherited something in common from 
their ancient progenitor. On the principle of the continued 
tendency to divergence of character, which was formerly illus- 
trated by this diagram, the more recent any form is, the more 
it will generally differ from its ancient progenitor. Hence we 
can understand the rule that the most ancient fossils differ most 
from existing forms. We must not, however, assume that diver- 
gence of character is a necessary contingency ; it depends solely 
on the descendants from a species being thus enabled to seize on 
many and different places in the economy of nature. Therefore 
it is quite possible, as we have seen in the case of some Silurian 
forms, that a species might go on being slightly modified in 
relation to its slightly altered conditions of life, and yet retain 
throughout a vast period the same general characteristics. This 
is represented in the diagram by the letter 

All the many forms, extinct and recent, descended from (A), 
make, as before remarked, one order; and this order, from the 
continued effects of extinction and divergence of character, has 
become divided into several sub-families and families, some of 
which are supposed to have perished at different periods, and 
some to have endured to the present day. 

By looking at the diagram we can see that if many of the 
extinct forms supposed to be imbedded in the successive forma- 
tions, were discovered at several points low down in the series, 
the three existing families on the uppermost line would he 
rendered less distinct from each other. If, for instance, the 
genera a\ a^, a^% m®, were disinterred, these three 

families would be so closely link^ together that they probably 
would have to be united into one great family, in nearly the same 
manner as has occurred with ruminants and certain pachyderms. 
Yet he who objected to consider as intermediate the extinct 
genera, which thus link together the living genera of three 
families, would be partly justified, for they are intermediate, not 
directly, but only by a long and circuitous course through many 
widely dijfferent forms. If many extinct forms were to be dis- 
covert above one of the middle horizontal lines or geological 
formations— for instance^ above Ho. YL— but none from beneath 
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this line, then only two of the families (those on the left hand, 

a» &C.J and <fec.) would liave to be united into one : and tliere 
would remain two families, wdiicli would be less distinct from 
each other than they were before the discovery of the fossils. 
So again if the three families formed of eight genera to 
on the uppermost line, be supposed to differ from each other 
by half-a-dozen important characters, then the families which 
existed at the period marked VI. would certainly have differed 
from each other by a less number of characters ; for they would 
at this early stage of descent have diverged in a less degree from 
their common progenitor. Thus it comes that ancient and extinct 
genera arc often in a greater or less degree intermediate in cha- 
racter between their modified descendants, or between their 
collateral relations. 

Under nature the process will be far more complicated than is 
represented in the diagram ; for the groups will have been more 
numerous ; they Trill have endured for extremely unequal lengths 
of time, and will have been modified in various degrees. As we 
possess only the last volume of the geological record, and that in 
a veiy broken condition, we have no right to expect, except in 
rare cases, to fill up the wide intervals in the natural system, and 
thus to unite distinct families or orders. All that we lifive a right 
to expect is, that those gi-oups which have, within known geolo- 
gical periods, undergone much modification, should in the older 
formations make some slight approach to each other; so that 
the older members should differ less from each other in some 
of their characters than do the existing members of the same 
groups; and this by the concurrent evidence of our best palieon- 
tologists is frequently the case. 

Thus, on the theory of descent with modification, the main 
facts with respect to the mutual affinities of the extinct forms 
of life to each other and to living forms, are explained in a 
satisfactory manner. And they are wholly inexplicable on any 
other view. 

On this same theory, it is evident that the fauna during any one 
great period in the earth’s history will be intermediate in general 
character between that which preceded and that which succeeded 
it. Thus the species which lived at the sixth great stage of 
descent in the diagram are the modified offspring of those which 
lived at the fifth stage, and are the parents of those which became 
still more modified at the seventh stage ; hence they could hardly 
fail to he nearly intermediate in character between the forms of 
life above and below. We must, however, allow for the entire 
extinction of some preceding forms, and in any one region for the 
immigration of new forms from other regions, and for a large 
mount of modification during the long and blank interv^ 
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bet\Teen tlie successive formations. Subject to these allowanceSs 
the fauna of each geological period undoubtedly is intermediate 
in characterj between the preceding and succeeding faunas. I 
need give only one instance, namely, the manner in wliieli the 
fossils of the Devonian system, when this system was first dis- 
covered, were at once recognised by palaeontologists as intermediate 
in character between those of the overlying carboniferous, and 
underlying Silurian systems. But each fauna is not necessarily 
exactly intermediate, as unequal intervals of time have elapsed 
between consecutive formations. 

It is no real objection to the truth of the statement that the 
fauna of each period as a vrhole is nearly intermediate in character 
betw'een the preceding and succeeding faunas, that certain genera 
offer exceptions to the rule. For instance, the species of masto- 
dons and elephants, ivhen arranged by Dr. Falconer in two series, 
— the first place according to their mutual affinities, and in the 
second place according to their periods of existence, — do not accord 
in armngement. The species extreme in character are not the 
oldest or the most recent ; nor are tliose which are intermediate 
in character, intermediate in age. But supposing for an instant, 
in this and other such cases, that the record of the first appear- 
ance and disappearance of the species was complete, which is far 
from the case, we have no reason to believe that forms successively 
produced necessarily endure for corresponding lengths of time. A 
very ancient form may occasionally have lasted much longer than 
a form elsewhere subsequently produced, especially in the case 
of terrestrial productions inhabiting separated districts. To 
compare small things with great; if the principal living and 
extinct races of the domestic pigeon were arranged in serial 
affinity, this arrangement would not closely accord with the 
order in time of their production, and even less with the order 
of their disappearance ; for the parent rock-pigeon still lives ; and 
many varieties betw^een the rock-pigeon and the carrier have 
become extinct ; and caniers wffiich are extreme in the important 
character of length of back originated earlier than short-boaked 
tumblers, which are at the opposite end of the series in this 
respect. 

Closely connected with the statement, that the organic remains 
from an intermediate formation are in some degree intermediate 
in character, is the fact, insisted on by all palaaontologists, that 
fossils from two consecutive formations are far more closely 
3related to each other, than are the fossils from two remote 
formations* Pictet gives as a well-known instance, the general 
resemblance of the organic remains from the several stages of the 
Chalk formation, though the species are distinct in each stage. 
This fact alon% feom its generality, seems to have shaken Pro- 
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lessor Pictet in Ms belief in tbe immutability of species. He wbo 
is acquainted with the distribution of existing species over the 
globe, will not attempt to account for the close resemblance of 
distinct species in closely consecutive formations, by the physical 
conditions of the ancient areas having remained nearly the same. 
Let it be remembered that the forms of life, at least those inhabit- 
ing the sea, have changed almost simultaneously throughout the 
world, and therefore under the most different climates and con- 
ditions. Consider the prodigious vicissitudes of climate during 
the pleistocene period, which includes the whole glacial epoch, 
and note how little the specific forms of the inhabitants of the sea 
have been affected. 

On the theory of descent, the full meaning of the fossil remains 
from closely consecutive formations being closely related, though 
ranked as distinct species, is obvious. As the accumulation of each 
formation has often been interrupted, and as long blank intervals 
have intervened between successive fonnations, we ought not to 
expect to find, as I attom];ted to show in the last chapter, in any 
one or in any two formations, all the intermediate varieties 
between the species w’Mch appeared at the commencement and 
close of these periods : but we ought to find after intervals, very 
long as measured by years, but only moderately long as measured 
geologically, closely allied forms, or, as they have been called by 
some authors, representative species ; and these assuredly we do 
find. We find, in short, such evidence of the slow and scarcely 
sensible mutations of specific forms, as we have the right to 
expect. 

Oti the State of Development of Amleni compared %oith Living 
Fmu, 

We have seen in the fourth chapter that the degree of difiPeren- 
tiation and specialisation of the parts in organic beings, when 
arrived at maturity, is the best standard, as yet suggested, of 
their degree of perfection or highness. We have also seen that, 
as the specialisation of parts is an advantage to each being, so 
natural selection will tend to render the organisation of each 
being more specialised and perfect, and in this sense higher ; not 
but that it may leave many creatures with simple and unimproved 
structures fitt^ for simple conditions of life, and in some cases 
will even degrade or simplify the organisation, yet leaving such 
degraded beings better &ted for their new walks of life. In 
another and more general manner, new species become superior 
to their predecessors; for they have to beat in the struggle for 
life all the older forma, with which they come into close compe- 
tition. We may therefore conclude that if under a nearly similar 
climate the eocene inhabitants of the world could be put into 
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competition witli the existing inhabitants, the former ivonld be 
beaten and exterminated by the latter, as would the secondary 
by the eocene, and the pahnozoie by liie secondary forms. So that 
by tliis fundamental tost of victory in the battle for life, as well 
as by the standard of the sjjecialisation of organs, modern forms 
ought, on the theory of natural selection, to stand higher than 
ancient forms. Is this the case^ A large majority of palaeon- 
tologists would answer in the ahimative ; and it seems that this 
answer miist be admitted as true, though difficult of proof. 

It is no valid objection to this conclusion, that certain Braclho- 
pods have been but slightly modified from an extremely remote 
geological epoch ; and that certain land and fresh-water shells 
have remained nearly the same, from the time when, as far as is 
known, they first appeared. It is not an insuperable difficulty 
that Foraminifera have not, as insisted on by Dr. Carpenter, pro- 
gres.sed in organisation since oven the Laurentian epoch ; for some 
organisms would have to remain fitted for simple conditions of 
life, and whfUt could be better fitted for this end than these lowly 
organised Protozoa ? Such objections as the above would be fatal 
to my view, if it included advance in organisation as a necessary 
contingent. They would likewise be fatal, if the above Fora* 
minifera, for instance, could be proved to have first come into 
existence during the Laurentian epoch, or the above Brachiopods 
during the Cambrian formation ; for in this case, there would not 
have been time sufficient for the development of these organisms 
up to the standard which they had then reached. When advanced 
up to any given point, there is no necessity, on the theoiy of 
natural selection, for their further continued progress; though 
they will, during each successive age, have to be slightly modified, 
so as to hold their places in relation to slight changes in their 
conditions. The foregoing objections hinge on the question 
whether we really know how old the world is, and at what period 
the various forms of life first appeared; and this may well be 
disputed. 

The problem whether organisation on the whole has advanced 
is in many ways excessively intricate. The geological record, at 
all times imperfect, does not extend far enough back, to shew 
with unmistakeable clearness that within the known history of 
the world organisation has largely advanced. Even at the present 
day, looking to members of the same class, naturalists are not 
unanimous which forms ought to be ranked as highest: thus, 
some look at the selaceans or sharks, from their approach in 
some important points of structure to reptiles, as the highest fish ; 
others look at the teleosteans as the highest. The ganoids stand 
intermediate between the selaceans and teleosteans ; the latter at 
the present day are largely preponderant in number; but formerl|f 

ti 
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Helaceaiis and ganoids alone existed; and in this case, according 
to the standard of highness chosen, so 'will it be said that fishes 
have advanced or retrograded in organisation. To attempt to 
compare members of distinct types in the scale of highness seems 
hopeless ; who will decide whether a cuttle-fish be higher than a 
bee — ^that insect which the great Von Baer believed to be “in fact 
more highly organised than a fish, although upon another type ’’ ? 
In the complex struggle for life it is quite credible iliat crusta- 
ceans, not very high in their own class, might boat cephalopods, 
the highest molluscs; and such crustaceans, though not highly 
developed, would stand very high in the scale of invertebrate 
animals, if judged by the most decisive of all trials — the law of 
battle. Beside these inherent difficulties in deciding which form.s 
are the most advanced in organisation, we ought not solely to 
compare tlie highest members of a class at any two periods— 
though undoubtedly this is one and perhaps the most important 
element in striking a balance — but we ought to compare all the 
members, high and low, at the two iieriods. At an ancient epoch 
the highest and lowes^niolluvscoidal animals, namely, cephalopods 
and brachiopods, swarmed in numbers : at the present time both 
groups are greatly reduced, whilst others, intermediate in organi- 
sation, have largely increased; consequently some naturalists 
maintain that molluscs were formerly more highly developed than 
at present; but a stronger case can be made out on the opposite 
side, by considering the vast reduction of the brachiopods, and 
the fact that our existing cephalopods, though few in number, 
are more highly organised than their ancient re]iresenlativcs. 
We ought also to compare the relative proportional numbers at 
any two periods of the high and low classes throughout tlie world : 
if, for instance, at the present day fifty thousand kinds of verte- 
brate animals exist, and if we knew that at some former period 
only ten thousand kinds existed, we ought to look at this increase 
in number in the highest class, which implies a great displacement 
of lower forms, as a decided advance in the organisation of the 
world. We thus see how hopelessly difficult it is to compare with 
perfect fairness under such extremely complex relations, the stan- 
dard of organisation of the imperfectly-known faunas of successive 
periods. 

We shall appreciate this difficulty more clearly, by looking 
to certain existing faunas and floras. From the extraordinary 
manner in which European iiroductions have recently spread 
over New 2iealand, and have seized on places which must have 
been previously occupied by the indigenes, we must believe, that 
if all the animals and plants of Great Britain were set free in 
New Zealand, a multitude of British forms would in the course 
of time become thoroughly naturalised there, and would exter- 
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iiiinate. many of the natives. On the other liancl, from tlie fact 
that hardly a sing*] e inhabitant of the southcrii hcinispliere has 
become wild in any part of Enroiie, we may well doidot wliotlier, 
if all the productions of New Zealand were set free in Great 
Britainj nuj considerable niiinber would be enabled to seize on 
places iio’w occupied by our native xaants and animals. Under 
this point of vievr, the productions of Great Britain stand niiich 
higher in the scale than those of Nev/ Zealand. Yet the most 
skilful naturalist, from an examina.tioii of the sx>ecics of the tv^'o 
coun tries, could not have foreseen this result, 

Agassiz and several other highly competent judges insist that 
ancient animals resemble to a certain extent the embryos of recent 
animals belonging to the same classes ; and that the geological 
succession of extinct forms is nearly x^arallel wirn the embiyo- 
logical development of existing forms. This view accords admir- 
ably vrell with our theory’. In a future chapter I shall attempt 
to show that the adult dilTcrs from its embryo, owing to variations 
having supervened at a not early age, ami having been inherited 
at a corresponding age. This process, whilst it leaves the embryo 
almost unaltered, continually adds, in the course of successBe 
generations, more and more difference to the adult. Thus the 
embryo comes to be left as a sort of pictime, preserved by nature, 
of the former and less modified condition of the species. This 
view may be true, and yet may never be cajjable of ])roof. Seeing 
for instance, that the oldest known mammals, reptiles, and fishes 
strictly belong to their i>roper classes, though some of these old 
forms are in a slight degree less distinct from each other than are 
the typical members of the same groups at the present clay, it 
would be vain to look for animals having the common embryo- 
logical character of the Vertebrata, until bods rich in fossils are 
discovered far beneath the lowest Cambrian strata — a discovery 
of which the chance is small. 

Oti the Succession of the same Tyjies within the same Areas, 
d'urmg the lat&t' Tertiary periods. 

Mr. Clift many years ago showed that the fossil mammals from 
the Australian caves -were closely allied to the living marsupiali 
of that continent In >South America^ a similar relationship is 
manifest, even to an uneducated eye, in the gigantic x:»ieces oi 
armour, like those of the armadillo, found in several parts of La 
Plata; and Professor Owen has shown in the most striking 
manner that most of the fossil mammals, buried there in such 
numbers, are related to South American types. This relationship 
is even more clearly seen in the wonderful collection of fossi 
bones made by MM. Lund and Clausen in the caves of Brazil 
I was so much impressed with these facts that I strongly insisted, 
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in 1839 and 1845, on this “law of the succession of types,’— on 
“ this wontlerfiil relationship in the same continent between the 
dead and the liTing.” Professor Owen has subsequently extended 
the same generalisation to the mammals of the Old World. We 
see the same law in tliis author’s restorations of the extinct and 
gigantic birds of New Zealand. We see it also in the birds of the 
caves of Brazil, ilr. Woodward has shown that the same law 
holds good wdth sea-shells, but, from the wide distribution of 
most molluscs, it is not well displayed by them. Other cases 
could be added, as the relation between the extinct and living 
land-shells of l^Iadeira ; and between the extinct and living brackish 
water-shells of the Aralo-Caspian Sea. 

Now wdiat does this remarkable law of the succession of the 
same tj^pes within the same areas mean ? He would be a bold 
man who, after comparing the present climate of Australia and 
of parts of South America, under the same latitude, would attempt 
to account, on the one hand through dissimilar physical condi- 
tions, for tbe dissimilarity of the inhabitants of these two con- 
tinents ; and, on the other hand through similarity of conditions, 
for the uniformity of the same types in each continent during the 
later tertiary periods. Nor can it be pretended that it is an 
immutalde law that marsupials should have been chiefly or solely 
produced in Australia; or that Edentata and other American 
types should have been solely produced in South America. For 
we know that Europe in ancient times was peopled by numerous 
marsupials ; and I have shown in the publications above alluded 
to, that in America the law of distribution of terrestrial mammals 
was formerly different from, what it now is. North America 
formerly x)artook strongly of the present character of the southern 
half of the continent ; and the southern half was formerly more 
closely allied, than it is at present, to the northern half. In a 
similar manner we know, from Falconer and Cautley’s discoveries, 
that Northern India was formerly more closely related in its 
mammals to Africa than it is at the present time. Analogous 
facts could be given in relation to the distribution of marine 
animals. 

On the theory of descent -with modification, the great law of 
the long enduring, but not immutable, succession of the same 
types within the same areas, is at once explained ; for the inhabi- 
tants of each quarter of the world will obviously tend to leave 
in that quarter, during the next succeeding period of time, closely 
allied though in some degree modified descendants. If the inhabi- 
tants of on© continent formerly differed greatly from those of 
another continent, so will their modified descendants still differ 
in nearly the same manner and degree. But after very long 
Intervals of time, and after great geograpMcal changes, per** 
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initting uiiieli iiitermigratioiij tlio fcsblei* t.hII yield to tiie more 
dominaiit forms, and there v,ili be notlimg immutable in the 
distribution of organic beings. 

It may be asked in ridicule, wlictlier I suppose that the niega- 
tlierima and other allied huge monsters, which formerly lived in 
South America, have left behind them the sloth, armadillo, and 
anteater, as their degenerate descendants. This cannot for an 
instant be admitted. These huge animals have become wholly 
extinct, and have left no progeny. But in the caves of Brasil, 
there are inanv extinct species which are closely allied in size 
and in all other characters to the species si ill living in South 
America ; and some of these fossils may have been the actual 
progenitors of the living species. It must not be forgotten that, 
on oiir theory, ail the species of the same genus are the descend- 
ants of some one species ; so that, if sis genera, each having eight 
species, be found in one geological formation, and in a succeeding 
fomiation there be six other allied or representative genera each 
%vith the same number of species, then we may conclude that 
generally only one species of each of the older genera has left 
modified descendants, which constitute the new genera con- 
taining the several species ; the other seven species of each old 
genus having died out and left no progeny. Or, and this will be 
a far commoner case, two or three species in tvro or three alone 
of the six older genera ivill be the iiarents of the new genera : the 
other species and the other old genera having become utterly 
extinct. In failing orders, with the genera and species decreasing 
in numbers as is the case with the Edentata of South America, 
still fewer genera and species will leave modified blood-descendants. 

Siimmarij of the p^'eceding and x^resent Cha2'^tcrs. 

I have attempted to show that the geological record is extremely 
imperfect ; that only a small portion of the globe has been geo- 
logically explored with care ; that only certain classes of organic 
beings have been largely preserved in a fossil state; that the 
number both of specimens and of species, preserved in our 
museums, is absolutely as nothing compared with the number 
of generations which must have passed away even during a 
single formation ; that, owing to subsidence being almost neces- 
sary for the accumulation of deposits rich in fossil species of 
many kinds, and thick enough to outlast future degradation, 
great intervals of time must have elapsed between most of our 
successive formations ; that there has probably been more extinc- 
tion during the periods of subsidence, and more variation during 
the periods of elevation, and during the latter the record will have 
been least perf.’=»ctly kept ; that each single formation has not 
beep continuously deposited * that the duration of each formation 
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is probably short compared with the average duration of specific 
forms ; that migration has played an important part in the first 
appearance of new forms in any one area and formation : that 
widely ranging species are those which have varied most fre- 
quently, and have oftenest given rise to new species ; that 
varieties have at first been local ; and lastly, although each 
species must have passed through numerous transitional stages, 
it is probable that the periods, during which each underwent 
modification, though many and long as measured by years, have 
been short in comparison with the periods during which each 
remained in an unchanged condition. These causes, taken con- 
jointly, will to a large extent explain why— though %ve do find 
many links — we do not find interminable varieties, connecting 
together all extinct and existing forms by the finest graduated 
steps. It slioaJd also be constantly borne in mind that any 
linking variety between two forms, which might be found, •would 
be ranked, unless the whole chain could be perfectly restored, as 
a new and distinct species ; for it is not pretended that w’e have 
any sure criterion by which species and varieties can bo dis- 
criminated. 

He who rejects this view of the imperfection of the geological 
record, will rightly reject the whole theory. For he may ask in 
vain where are the numberless transitional links which must 
formerly have connected the closely allied or representative 
species, found in the successive stages of the same great forma- 
tion 1 He may disbelieve in the immense intervals of time which 
must have elapsed between our consecutive formations ; he may 
overlook how important a part migration has played, when the 
formations of any one great region, as those of Europe, are con- 
sidered ; he may urge the apparent, but often falsely apparent, 
sudden coming in of whole groups of species. He may ask where 
are the remains of those infinitely numerous organisms which 
must have existed long before the Cambrian system was de- 
posited ? We now know that at least one animal did then exist ; 
but I can answer this last question only by supposing that where 
our oceans now^ extend they have extended for an enormous 
period, and where our oscillating continents now stand they have 
stood since the commencement of the Cambrian system ; but 
that^ long before that epoch, the world presented a widely 
different aspect ; and that the older continents, formed of forma- 
tions older than any known to us, exist now only as remnants in 
a metamorphosed condition, or lie still buried under the ocean. 

Passing from these difficulties, the other great leading facts in 
pateontology agree admirably with the theory of descent -with 
modification through variation and natural selection. We can 
thus understand how it is that new species come in slowly and 
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r-uecetisirely ; liow sj)ecies of diHerent classes do noi necessarily 
clian^ge together, or afc the same rate, or in the same degree : yet 
ill the long ran that all nnslorgo modiScatiou to some extent. 
The extinction ot old forms is the almost inevitahle consequence 
of the production of new* forms. \Ye can understand vchy, when 
a species has once disappeared, it never reappears. Groups of 
species increase in numbers slowly, and endure for unequal periods 
of time ; for Lho ]>roces^i of modiheation is necessarily slow, and 
depends on many complex contingencies. The dominant si^ecies 
lielonging to large and dominant groups lend to leave many 
modified descendants, which form new sub-groups and groups. 
As these are formed, the species of the less vigorous groups, from 
their inferiority inherited from a common progenitor, tend to 
become extinct together, and to leave no modified offspring on 
the face of tlie earth. But the utter extinction of a whole groiix> 
of species has sometimes been a slow process, from the suiwival o£ 
a few descendants, liiigoriiig in protected and isolated situations. 
When a group has once wholly disappeared, it does not reappear ; 
for the link of generation has been broken. 

We can understand how it is that dominant forms which spread 
widely and yield the greatest number of varieties tend to iieople 
the ■world with allied, but modified, descendants ; and these will 
generally succeed in displacing the groups which are their in« 
feriors in the struggle for existence. Hence, after long intervals 
of time, the productions of the world appear to have changed 
simultaneously. 

We can understand how it is that all the forms of life, ancient 
and recent, make together a few grand classes. We can under- 
stand, from tlie continued tendency to divergence of character, 
why the more ancient a form is, the more it generally differs from 
those now living ; why ancient and extinct forms often tend to 
fill up gaps between existing forms, sometimes blending two 
groups, previously classed as distinct, into one ; but more com- 
monly bringing them only a little closer together. The more 
ancient a form is, the more often it stands in some degree inter- 
mediate between groups now distinct ; for the more ancient a 
form is, the more nearly it will be related to, and consequently 
resemble, the common progenitor of groups, since become "widely 
divergent. Extinct forms are seldom directly intermediate be- 
tween existing forms ; but are intermediate only by a long and 
circuitous course through other extinct and different forms. We 
can clearly see why the oi^nic remains of closely consecutive 
formations are closely allied ; for they«are closely linked together 
by generation. We can clearly see why the remains of an inter- 
mediate formation are intermediate in character. 

The inhabitants of the world at each successive period in its 
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history have beaten their predecessors in the race for life, and 
are, in so far, higher in the scale, and their structure has generally 
become more specialised ; and this may account for the common 
belief held by so many palaeontologists, that organisation on the 
whole has ])rogressech Extinct and ancient animals resemble to 
a certain extent the embryos of the more recent animals belonging 
to the same classes, and this wonderful fact receives a simple 
explanation according to our views. The succession of the same 
types of structure within the same areas during the later geo- 
logical periods ceases to be mysterious, and is intelligible on the 
principle of inheritance. 

If then the geological record be as imperfect as many believe, 
and it may at least be asserted that the record cannot be proved 
lo bo miicli more pei'fect, the main objections to the theory of 
natural selection are greatly diminished or disappear. On the 
other hand, all the cliief laws of paheontology plainly proclaim, 
as it seems to me, that species have been produced by ordinary 
generation: old forms having been supplanted by new and 
improved forms of life, the products of Variation and the Survival 
of the Fittest. 


CHAPTER XII. 

Geographical Distribution. 

Present distribution cannot be accounted for by difference i in pbysicul con- 
ditions — Importance of barriers — Affinity of the productions oi tiie same 
continent—Centres of creation— Means of dispersal by changes of climate 
and ot the level of the land, and hv oeeaaional means — Dispersal during 
tho Glacial period — ^Alternate Glaci^ periods in the North and South. 

In considering the distribution of organic beings over the face of 
the globe, the first great fact which strikes us is, that neither the 
similarity nor the dissimOarity of the inhabitants of various 
regions can be wholly accounted for by climatal and other 
physical conditions. Of late, almost every author who has 
studied the subject has come to this conclusion. The case of 
America alone would almost suffice to prove its truth ; for if we 
exclude the arctic and northern temperate parts, all authors agree 
that one of the most fundamental divisions in geographical distri- 
bution is that between the New and Old Worlds ; yet if we travel 
over the vast American continent, from the centra! parts of the 
United States to its extreme southern point, we meet with the 
most diversified conditions ; humid districts, arid deserts^ lofty 
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iiioiiiitaizis, grassy plains, forests, marslies, lakes, and great rivers, 
under almost every temperature. There is hardly a climate or 
condition in the Old Yv"orI:l which cannot be paralleled in tlie 
Xew~at least as closely as the same species generally require. 
>To doubt small areas can be pointed out in the Old World hotter 
than any in the blew World : but those are not inhabited by a 
fauna different from that of the surrounding districts; for it is 
rare to find a group of organisms confined to a small area, of 
which the conditions are peculiar in only a. slight degree. ISTot- 
witlistancling this general parallelism in the conditions of the 
Old and New Worlds, how widely different are their living 
productions ! 

In the soiiiliern hemisphere, if we compare large tracts of land 
in xVustralia, South Africa, and western South iinierica, between 
latitudes 25® and 35®, we shall find parts extremely similar in all 
their conditions, yet it wmuld not be possible to point out three 
faunas and fioras more utterly dissimilar. Or, again, we may 
compare the productions of South America south of lat. 35® with 
those north of 25®, which consequently are separated by a space 
of ten degrees of latitude, and are exposed to considerably different 
conditions; yet they are incomparably more closely related to 
each other than they are to the productions of Australia or Africa 
under nearly the same climate. Analogous facts could be given 
with respect to the inhabitants of the sea. 

A second great fact which strikes us in our general review is, 
that barriers of any kind, or obstacles to free migration, are 
related in a close and important manner to the differences between 
the productions of various regions. We see this in the great 
difference in nearly all the terrestrial productions of the New 
and Old Worlds, excepting in the northern parts, where the land 
almost joins, and where, under a slightly different climate, there 
might have been free migration for the northern temperate forms, 
as there now is for the strictly arctic productions. We see the 
same fact in the great difference between the inhabitants of 
Australia. Africa, and South America under the same latitude ; 
for these countries are almost as much isolated from each other 
as is possible. On each continent, also, we see the same fact; 
for on the opposite sides of lofty and continuous mountain- 
ranges, of great deserts and even of large rivers, we fi.nd different 
productions ; though as mountain-chains, deserts, &c., are not as 
impassable, or likely to have endured so long, as the oceans 
separating continents, the differences are very inferior in degree 
to those characteristic of distinct continents. 

Turning to the sea, we find the same law. The marine inhabi- 
tants of the eastern and western shores of South America are 
yeiy distinct, with extremely few shells, Crustacea, or echmo- 
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deimata ia common ; but Br. Giintber has recently shown that 

about thirty per cent, of the fishes are the same on the opposite 
sides of the isthmus of Panama ; and this fact has led naturaliste 
to believe that the isthmus was formerly open. Westward of the 
shores of America, a wide s3)aco of open ocean extends, witli not 
an island as a hai ting-place for cmigi'ants ; here we have a barrier 
of another kind, and as soon as this is passed we meet in tho 
eastern islands of tho Pacific with another and totally distinct 
faima. So that three marine faunas range far northward and 
southward in parallel lines not far from each other, under corre- 
sponding climates ; but from being separated from each other by 
impassable barriers, either of land or ojien sea, they are almost 
wholly distinct. On the other hand, proceeding still farther 
westward from the eastern islands of the tropical parts of tho 
Pacific, we encounter no impassable barriers, and we have 
innumerable islands as lialting-places, or continuous coasts, until, 
after travelling over a hemisphere, we come to the shores of 
Africa and over this vast space 'wo meet with no w’ell-defined 
and distinct marine faunas. Although so fe^v marine animals are 
common to the above-named three approximate faunas of Eastern 
and Western America and the eastern Pacific islands, yet many 
fishes range from the Pacific into the Indian Ocean, and many 
shells are common to the eastern islands of the Pacific and the 
eastern shores of Africa on ahuost exactly opposite meridians of 
longitude. 

A third great fact, partly included in the foregoing statement, 
is the affinity of the productions of the same continent or of the 
same sea, though the species themselves are distinct at different 
points and stations. It is a law of the widest generality, and 
every continent offers innumerable instances. Nevertheless the 
naturalists, in travelling, for instance, from north to south, never 
fails to be struck by the manner in which successive groups of 
beings, specifically distinct, though nearly related, replace each 
other. He hears from closely allied, yet distinct kinds of birds, 
notes nearly similar, and sees their nests similarly constructed, 
but not quite alike, with eggs coloitred in nearly the same manner. 
The plains near the Straits of Magellan are inhabited by one 
species of Rhea (American ostrich), and northward the plains of 
La Plata by another species of the same genus ; and not by a true 
ostrich or emu, like those inhabiting Africa and Australia under 
the same latitude. On these same plains of La Plata we see 
theagoiiti and bizcacha, animals having nearly the same habite 
as our hares and rabbits, and belonging to the same order of 
Rodents, ^but they plainly display an American type of structure. 
We ascend the lofty peaks of the Cordillera, and we find an alpine 
sipecies of Mzeacha ; we look to the waters, and we do not find the 
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"beaTer o? niiisk-rat, but tho coj^ii and capybara, rodents of the 
S- American tj^pe. liiiiuinerable other instances could be given. 
Jf we look to the islands o€ the American shore, however iiiuch 
t!ie3^ may differ in geological structure, the hihabitants are essen- 
tially American, though they may he all peculiar species. We 
may loolvi back to past ages, as shov.m in the last clip-per, ami we 
ilnd American types then prevailing on the American coiiLineiit 
and in the American seas. We see in these facts some deep 
organic bond, throughout space and time, over the same areas 
of land and ivater, independently of physica.1 conditions. The 
naturalist must be dull who is not led to inquire what this 
bond is. 

The bond is simply inheritance, that cause which alone, as far 
as we positively know, produces organisms quite like each other, 
or, as %^'e see in the case of varieties, nearly alike. The dis- 
similarity of the inhabitants of different regions may be attributed 
to modidca-tion through variation and natural selection, and 
probably in a subordinate degree to the definite influence of 
different physical conditions. The degrees of dissimilarity will 
depend on the migration of the more dominant forms of life from 
one region into another having been more or less effectually 
prevented, at periods more or less remote ;“On the nature and 
number of tho former immigrants ; — ^and on the action of the 
inliabitants on each other in leading to the preservation of 
different modifications ; the relation of organism to organism in 
the struggle for life heing, as I have already often remarked, the 
most important of all relations. Thus the high importance of 
barriers comes into play by checking migration ; as does time for 
the slow larocess of modification through natural selection. 
Widely-ranging species, abounding in individuals, which have 
already triumphed over many competitors in their owm widely- 
extended homes, will have the best chance of seizing on new 
jdaces, when they spread into new countries. In their new homes 
they will be exposed to new conditions, and will frequently 
undergo further modification and improvement ; and thus they 
will become still further victorious, and will produce groups of 
modified descendants. On this principle of inheritance with 
modification we can understand how it is that sections of genera, 
whole genera, and even families, are confined to the same areas, as 
is so commonly and notoriously the case. 

There is no evidence, as was remarked in the last chapter, of 
the existence of any law of necessary development. As the 
variability of each species is an independent property, and wjll 
be taken advantage of by natural selection, only so far as. it 
profits each individual in its complex struggle for life, so the 
amount of modification in different species will be no uniform 
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quantity. If a number of species, after baying long eonipeted 
with each other in their old home, were to migrate in a body into 
a new and afterwards isolated country, they would be litile liable 
to modification ; for neither migration nor isolation in themselves 
effect anything. These principles come into play only by bringing 
organisms into new relations with each other and in a lesser 
degree with the surrounding physical conditions. As we have 
seen in the last chapter that some forms have retained nearly 
the same character from an enormously remote geological period, 
so certain species have migrated over vast spaces, and have not 
become greatly or at all modified. 

According to these views, it is obvious that the several species 
of the same genus, though inhabiting the most distant quarters of 
the world, must originally have proceeded from the same source, 
as they are descended from the same progenitor. In the case of 
those species which have undergone during whole geological 
periods little modification, there is not much difficulty in believing 
that they have migrated from tlie same region ; for during the 
vast geographical and climatal changes which have supervened 
since ancient times, almost any amount of migration is possible. 
But in many other cases, in w’-hich w^e have reason to believe that 
the species of a genus have been produced within comparatively 
recent times, there is great difficulty on this head. It is also 
obvious that the individuals of the same species, though now 
inhabiting distant and isolated regions, must have proceeded 
from one spot, where their parents -were first produced : for, as 
has been explained, it is incredible that individuals identically 
the same should have been produced fix.m parents specifically 
distinct. 

Single Centres of supposed Creation. — ^Ye are thus brought to 
the question which has been largely discussed by naturalists, 
namely, whether species have been created at one or more points 
of the earth’s surface. Undoubtedly there are many cases of 
extreme difficulty in understanding how the same species could 
possibly have migrated from some one point to the several distant 
and isolated points, where now found. Nevertheless the simplicity 
of the view that each species was first produced within a single 
region captivates the mind. He who rejects it, rejects the vera 
eama of ordinary generation with subsequent migration, and calls 
in the agency of a miracle. It is universally admitted, that in 
most cases the area inhabited by a species is continuous ; and 
that when a plant or animal inhabits two points so distant from 
each other, or with an interval of such a nature, that the space 
could not have been easily passed over by migration, the fact is 
given as something remarkable and exceptional. The incapacity 
©f migrating across a wide sea is more clear in the case of tmm* 
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trial mammals than perhaps witli any ocher organic beinqs ; aiifl, 
accordingly, i?e iind no inexx)iicabla instances of the same 
manimals inlisibiting distant points of the world. Iso geologist 
feels any dihienliy in Great Britain possessing the same q_Tiad- 
rapeds Yviili the rest of Europe, for they were no doubt once 
united. But if the same species can be xjroduced at two separate 
points, why do we not lind a single niammol common to Europe 
and Australia or South Ameiica? The conditions of life are 
nearly the same, so that a multitude of Eiiropecai animals and 
plants have become naturalised in America and Australia; and 
some of the aboriginal plants are identically the same at the^o 
distant points of the northern and southeii* ] 2 emis])heres 1 The 
answer, as I believe, is, that mammals have not been able to 
migrate, vriDcreas some plants, from their varied means of dis* 
persal, have migrated across the wide and broken interspaces. 
The great and striking influence of banners of all kinds, is 
intelligible only on the view that the greao majority of species 
have been produced on one side, and have not been able to 
migrate to the opposite side. Some few families, many sub- 
families, veiy many genera, and a still greater number of sections 
of genera, are coniined to a single region ; and it has been observed 
by several naturalists that the most natural genera, or those genera 
in which the species are most closely related to each other, are 
generally confined to the same country, or if they have a wide 
range that their range is continuous. TOiat a strange anomaly 
it would be, if a directly opposite rule were to prevail, when we 
go down one step lower in the series, namely, to the individuals 
of the same species, and these had not been, at least at first, con- 
fined to some one region I 

Hence it seems to me, as it has to many other naturalists, that 
the view of each species having been produced in one area alone, 
and having subsequently migrated from that area as far as its 
powers of migration and subsistence under past and present con- 
ditions permitted, is the most probable. Undoubtedly many cases 
occur, in which we cannot explain how the same species could 
have passed from one point to the other. But the geograpMcal 
and climatal changes which have certainly occurred within recent 
geological times, must have rendered discontinuous the formerly 
continuous range of many species. So that we are reduced to 
consider whether the exceptions to continuity of range are so 
numerous and of so grave a nature, that we ought to give up 
the belief, rendered probable by general considerations, that each 
species has been produced within one area, and has migrated 
thence as far as it could. It would be hopelessly tedious to 
discuss all the exceptional cases of the same species, now living 
at distant and separated points, nor do I for a moment pretend 
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that any explanation could be ofiercd of many instances. But. 
after some jjxeliminary remarks, I will discuss a few of the most 
striking classes of facts ; namely, the existence of the same species 
on the summits of distant mountain ranges, and at distant points 
in the arctic and antarctic regions ; and secondly (in the following 
chapter), the wide distribution of freshwater productions; and 
thirdly, the occurrence of the same terrestrial species on islands 
and on the nearest mainland, though separated by hundreds of 
miles of open sea. If the existence of the same species at distant 
and isolated points of the earth’s surface, can in many instances 
be explained on the view of each species having migrated from a 
single birthplace ; then, considering our ignorance with respect to 
former climatal and geographical changes and to the various 
occasional means of transport, the belief that a single birthplace 
is the law, seems to me incomparably the safest. 

In discussing this subject, we shall be enabled at the same time 
to consider a point equally important for us, namely, whether the 
several species of a genus which must on our theory all be 
descended from a common progenitor, can have migrated, under” 
going modification during their migration, from some one area. 
If, when most of the species inhabiting one region are diilerent 
from those of another region, though closely allied to them, it can 
be shown that migration from the one region to the other has 
probably occurred at some former period, our general view will 
be^ much strengthened; for the explanation is obvious on the 
princiide of descent with modification. A volcanic island, for 
instance, upbeaved and formed at the distance of a few hundreds 
of miles from a continent, would pi'obahly receive from it in the 
course of time a few colonists, and their descendants, though 
modified, would still be related by inheritance to the inhabitants 
of that continent. Cases of this nature arc common, and are, as 
we shall hereafter see, inexplicable on the theory of independent 
creation. This view of the relation of the species of one region 
to those of another, does not differ much from that advanced by 
Mr, Wallace, vyho concludes that “every species has come into 
existence coincident both in space and time with a pre-existing 
closely allied species.” And it is now well known that he attri- 
butes this coincidence to descent with modification. 

The question of single or multiple centres of creation differs 
from another though allied question, — namely, whether all the 
individuals of the same species are descended from a single pair, 
or single hermaphrodite, or whether, as some authors suppost:^ 
from many individuals simultaneously created. With organic 
beings which never intercross, if such exist, each species must 
be descended from a succession of modified varieties, that have 
supplanted each other, but have never blended with other indi-* 
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Tidiiais o.’ T?i*ietic=; nf the same species ; so tliatj at eaeli srtcecs^i\3 
sta^-e of laoJineatioiij all tlio individuals of the same form will 
descended from a single parent. But in the groat majority oi 
cases, namely, with all organisms which habitually unite for each 
birth, or which occasionally intercross, the individuals of the 
same species inhabiting the same area will lie kept nearly uniform 
by intercrossing ; so that many individuals will go on siinul- 
taneoiisly changing, and the whole amount of niodihcatioii at 
each stage will not be due to descent from a single parent. To 
illustrate what I mean : our English race-horses diifcr from the 
horses of every other breed ; but they do not owe their difference 
and superiority to descent from any single iiair, but to continued 
care in the selecting and training of many individuals during 
each generation. 

Before discussing the three classes of facts, which I have 
selected as presenting the greatest amount of difficulty on the 
theory of “single centres of creation,’’ I must say a few words on 
the means of dispersal. 

Meatis of Dis2)ersaL 

Bir C. Lyell and other authors have ably treated this sulject. 
I can give here only the briefest abstract of the more important 
facts. Change of climate must have had a powerful influence on 
migration. A region now impassable to certain organisms from 
the nature of its climate, might have been a high road for migra- 
tion, when the climate was different. I shall, however, presently 
have to discuss this branch of the subject in some detail. Changes 
of level in the land must also have been highly influential: a 
narrow isthmus now separates two marine faunas; submerge it, 
or let it formerly have been submerged, and the two faunas vrill 
now blend together, or may formerly have blended. TOiere the 
sea now extends, land may at a former period have connected 
islands or possibly even continents together, and thus have 
allowed terrestrial productions to pass from one to the other. 
Ko geologist disputes that great mutations of level have occurred 
within the period of existing organisms. Edward Forbes insisted 
that all the islands in the Atlantic must have been recently con- 
nected with Europe or Africa, and Europe likewise with America. 
Other authors have thus hypothetically bridged over every ocean, 
and united almost every island with some mainland. If indeed 
the arguments used by Forbes are to be trusted, it must be ad- 
mitted that scarcely a single island exists which has not recently 
been united to some continent This view cuts the Gordian knot 
of 'the dispersal of the same species to the most distant points, 
and removes many a difficulty; but to the best of my judgment 
we are not authorised in admitting such enormous geograpMcal 



m 


MEANS OE BISPSESAL. 


[Chap.sh. 

changes ■within the period of existing species. It seems to me 
that %ve have abundant evidence of great oscillations in the level 
of the land or sea; but not of such vast changes in the position 
and extension of our continents, as to have united them within 
the recent period to each other and to the several intervening 
oceanic islands. I freely admit the former existence of many 
islands, now buried beneath the sea, ivhich may have served as 
halting-places for plants and for many animals during their 
migration. In the coral-producing oceans such sunken islands 
are now marked by rings of coral or atolls standing over them. 
Whenever it is fully admitted, as it 'will some day he, that each 
species has proceeded from a single birthplace, and when in the 
course of time we know something definite about the means of 
distribution, we shall be enabled to speculate \rith security on 
the former extension of the land. But I do not believe that it 
will ever be proved that uithin the recent period most of our 
continents which now stand quite separate, have been continii- 
ousij’’, or almost continuously united wirli each other, and with 
the many existing oceanic islands. Several facts in clistribution 
— such as the great diiference in the marine faunas on the oppO'- 
site sides of almost every continent, —the close relation of the 
tertiary inhabitants of several lands and even seas to their pre- 
sent inhabitants, — the degree of afiinity between the mammals 
inhabiting islands with tliose of the nearest continent, being in 
part determined (as we shall hereafter see) by the depth of the 
intervening ocean,— these and other such facts are opposed to the 
admission of such prodigious geographical revolutions ■within 
the recent period, as are necessary on the view advanced by 
Forbes and admitted by his followers. The nature and relative 
proportions of the inhabitants of oceanic islands are likeirise 
opposed to the belief of their former continuity with continents. 
Kor does the almost universally volcanic comixjsition of sucii 
Islands favour the admission that they are the wrecks of sunken 
continents if they had originally existed as continental moun- 
tain ranges, some at least of the islands would have been formed, 
like other mountain summits, of granite, metamorphic schists, old 
fossiiiferous and other rocks, instead of consisting of mere piles of 
volcanic matter. 

I must no-w say a few w’ords on what are called accidentel 
means, but which more properly should be called occasional 
means of distribution. I shall here confine myself to plants. 
In botanical works, this or that plant is often stated to be ill 
adapted for wide dissemination ; but the greater or less facilities 
for transport across the sea may be said to be almost wholly 
unknown. Until I tried, with Mr. Berkeley’s aid, a few experi- 
ments, it was not even kno'wn ho'W far seeds could resist the 
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injurious action of sea-water. To my surprises I found tiiat out 
of 87 IdndSj 64 ^^erminated after an immersion of 28 days, and a 
lew survived an immersion of 137 days. It deserves notice tiiat 
certain orders were faa* more injured tlian others: nine Legu- 
ininosjB were tried, and, with one exception, they resisted the 
salt-water badly; seven species of the allied orders, Hydro- 
'f>hyllaceje and PoIemoniace^B, were all killed by a month's iiii- 
morsion. For convenience' sake I chiefly tried small seeds 
without the capsule or fruit; and as all of these sank in a few 
days they could not have been floated across vide spaces of the 
sea, whether or not they were injured by the salt-water. After- 
wards I tried some larger fruits, capsules, &c., and some of these 
floated for a long time. It is vrell known what a difference there 
is in the buoyancy of green and seasoned timber ; and it occurred 
to me that floods would often wash into the sea dried plants or 
branches with seed-co-psulos or fruit attached to them. Hence I 
was led to dry the stems and branches of 94 plants with ripe fruit, 
and to place them on sea-water. The majority sank quickly, but 
some "which, whilst green, floated for a very short time, wiien 
dried floated much longer; for instance, ripe hazel-nuts sank 
immediately, but when dried they floated for 90 days, and after- 
wards when planted germinated; an asparagus-plant with ripe 
beiTies floated for 23 clays, when dried it floated for 85 days, and 
the seeds afterwards germinated ; the ripe seeds of Helosciadium 
sank in two days, when dried they floated for above 90 days, and 
afterwards germinated. Altogether, out of tho 94 dried plants, 
18 floated for above 28 days ; and some of tho 18 floated for a 
very much longer period. So that as f-1 kinds of seeds germinated 
after an immersion of 28 days; and as distinct species 'with 
ripe fruit (but not all the same species as in the foregoing experi- 
ment) floated, after being dried, for above 28 clays, we may con- 
clude, as far as anything can be inferred from these scanty facts, 
that the seeds of floV Isdnds of plants of any country might be 
floated by sea-currents during 28 days, and would retain their 
power of germination. In Johnston^s Physical Atlas, the average 
rate of the several Atlantic currents is 33 miles per diem (some 
currents running at the rate of 60 miles per cUem); on this 
average, the seeds of ^ jylants belonging to one country might 
be floated across 924 miles of sea to another country, and when 
stranded, if blown by an inland gale to a favourable spot, would 
germinate. 

Subsequently to my experiments, M. Martens tried similar ones, 
but in a much better manner, for ha placed the seeds in a box in 
the actual sea, so that they were alternately wet and exposed to 
the air like really floating plants. He tried 98 seeds, mostly 
different from mine; bnt he chose many large fruits and likewise 
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seeds from plants wMcIi live near tlie sea ; and this would have 
favoured both the average length of tlieir flotation and their 
resistance to the injurious action of the salt-water. On the other 
hand, he did not } previously dry the plants or branches with the 
fruit ; and this, as we have seen, would have caused some of them 
to have floated much longer. The result was that of his seeds 
of difierent kinds floated for 42 days, and were then capa]3ie of 
germination. But I do not doubt that plants exposo(l to the 
waves would float for a less time than those protected from 
violent movement as in our experiments. Therefore it would 
])erhaps be safer to assume that the seeds of about plants of 
a flora, after having been dried, could be floated across a space 
of sea 900 miles in width, and would then genninate. The fact 
of the larger fruits often floating longer than the small, is inter- 
esting ; as plants with large seeds or fruit which, as Alph. de 
(Jandolle has shown, generally have restricted ranges, could 
hardly bo transjjoried by any other means. 

Seeds may be occasionally transported in another manner. 
Drift timber is throwm ni> on most islands, oven on those in the 
midst of the widest oceans ; and the natives of the coral-islands 
in the Pacific procure stones for their tools, solely from the roots 
of drifted trees, these stones being a valuable royal tax. I find 
that when irregulai'iy shaped stones are embedded in the roots of 
trees, small parcels of earth are frequently enclosed in their inter- 
stices and beliind them, — so perfectly that not a particle could be 
washed away during the longest transport: out of one small 
portion of earth thus completely enclosed by the roots of an oak 
about 50 years old, three icotyledonons plants germinated : I am 
certain of the accuracy of this observation. Again, I can show 
that the carcases of birds, when floating on the sea, sometimes 
escape being immediately devoured : and many kinds of seeds in 
the crops of floating bkds long retain their vitality; peas and 
vetches, for instance, are killed by even a few days’ immersion in 
sea-water ; but some taken out of the crop of a pigeon, which had 
floated on artificial sea-water for 30 days, to my surprise nearly 
all germinated. 

Living birds can hardly fail to be highly effective agents in the 
transportation of seeds. I could give many facts showing how 
frequently birds of many kinds are blown by gales to vast dis- 
tances across the ocean. We may safely assume that under such 
circumstances their rate of flight would often be 35 miles an hour; 
and some authors have given a far higher estimate. I have never 
seen an instance of nutritious seeds passing through the intestines 
of a bird ; but hard seeds of fruit j)ass unhyured through even 
the digestive organs of a turkey. In the course of two months, I 
picked up in my garden 1% kinds of seeclsi out of the excrement 
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of snial! birdsj and iLeso seemed perfect and some of fcliem, wliieli 
■were tried, germinated. But the folio'\Ting fact is more impor- 
I'll i t : die crops of birds do not secrete gastric juice, and do not, 
as I know ]jy trial, injure in tbe least the gerininatiou of seeds ; 
now, aftiU’ a bird has found and devoured a large supply of food, 
it is asserted that all the grains do not pass into the 

gizzard for twelve or oven eighteen hours. A bird in this interval 
iniglit easily be blown to the distance of 50D miles, and hawks are 
known to look out for tired birds, and the contents of their torn 
crops niiglit thus readily get scattered. Borne hawks and owls 
bolt their prey whole, and, after an interval of from twelve to 
tvrenty hours, disgorge ]*ellets, which, as I kno^v from experiments 
made in the Zoological (iardens, include seeds capable of germina- 
tion. Some seeds of the oat, wheat, millet, canary, hemj), clover, 
and beet germinated after having been from tivolve to twenty-one 
hours in the stomachs of different birds of prey ; and two seeds of 
beet grew after ha\ung been thus retained for two days and 
fourteen hours. Fresh-water fish, I find, eat seeds of many land 
and water plants ; fish are frequently devoured by birds, and thus 
the seeds might be transported from place to place. I forced 
many kinds of seeds into the stomachs of dead fish, and then ga-ve 
their bodies to fishing-eagles, storks, and pelicans; these birds, 
after an interval of many hours, either rejected the seeds in 
pellets or passed them in their excrement ; and several of these 
seeds retained the power of germination. Certain seeds, however, 
were always killed by this jirocess. 

Locusts are sometimes blown to great distances from the land ; 
I myself caught one 370 miles from the coast of Africa, and have 
heard of others caught at greater distances. The Eev. E. T. Lowe 
informed Sir C. Lyell that in November 1844 swarms of locusts 
visited the island of Madeira. They were in countless numbers, 
as thick as the flakes of snow in the heaviest snowstorm, and ex- 
tended upwards as far as could be seen with a telescope. During 
two or three days they slowly careered round and round in an 
immense ellipse, at least five or six miles in diameter, and at 
night alighted on the taller trees, which ivere completely coated 
with them. They then disappeared over the sea, as suddenly as 
they had appeared, and have not since visited the island. Now, 
in parts of Natal it is believed by some farmers, though on insuffi- 
cient evidence, that injurious seeds are introduced into their grass- 
land in the dung left by the great flights of locusts which often 
visit that country. In consequence of this belief Mr. Weale sent 
me in a letter a small packet of the dried pellets, out of which I 
extracted under the microscope several seeds, and raised from 
them seven grass plants, belonging to two species, of two genera. 
Hence a swam of locusts^ such as that which visited Madeira, 
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miglit readily be tlie means of introducing several kinds of plants 
into an island lying far from the mainland. 

Although the beaks and feet of birds are generallj’’ clean, earth 
sometimes adheres to them : in one case I removed sixty-one 
grains, and in another case twenty-two grains of dry arglilaceoiis 
earth from the foot of a partridge, and in the earth there was a 
pebble as large as the seed of a vetch. Here is a better case : the 
leg of a woodcock was sent to me by a friend, with a little cake 
of dry earth attached to the shank, weighing only nine grains ; 
and this contained a seed of the toad rush (Juiicus bufoiiius) 
which germinated and flowered. Sir. Bwaysland, of Brighton, 
V ho during the last forty j'ears has paid close attention to our 
iiiigratory birds, infoiins me that he has often shot wagtails 
(iiotacilke), wheatears, and whinchats (Saxicolre), on their first 
arrival on our shores, before they had alighted ; and he lias 
several times noticed iiitlo cakes of earth attaefied to their feet, 
klany facts could be given showing how generally soil is charged 
with seeds. F<->r instance, Prof. Kevlon sent me the leg of a red- 
legged partridge (Caccabis mfa) which had been wounded and 
could not fly, with a ball of hard earth adhering to it, and weigh- 
ing six and a half ounces. The earth had been kei)t for three 
years, but when ])roken, watered and placed under a beii-glass, no 
less than 82 plants sprung from it : these consisted of 12 mono- 
cotyledons, mcluding the common oat, and at least one kind of 
grass, and of 70 dicotyledons, which consisted, judging from the 
young leaves, of at least three distinct species. With such facts 
before us, can we doubt that the many birds which are annually 
blown by gales across great spaces of ocean, and which annually 
migrate — for instance, the millions of quails across the I^Ieditcr-* 
ranean — must occasionally transport a few seeds embedded in dirt 
adhering to their feet or beaks ? But I shall have to recur to this 
subject. 

As icebergs are known to be sometimes loaded with earth and 
stones, and have even carried brushwood, bones, and the nest of a 
land-bird, it can hardly be doubted that they must occasionally, 
as suggested by Lyell, have transported seeds from one part to 
another of the arctic and antarctic regions; and during the Glacial 
period from one part of the now temperate regions to another. 
In the Azores, from the large number of plants common to 
Europe, in comparison with the species on the other islands of the 
Atlantic, which stand nearer to the mainland, and (as remarked 
by ;Mr. H. 0. Watson) from their somewhat northern character in 
comparison with the latitude, I suspected that these islands had 
been partly stocked by ice-bome seeds, during the Glacial epoch. 
At my request Sir C. Lyell wrote to M. Hartung to inquire 
whether he had observed erratic boulders on these islands, and he 
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aiisiTered tliat lie Iiad found large fragments of granite and otlier 
rocks, wliicli do nob occur in the archipelago. Hence we may 
safely infer that icebergs formerly landed their rocky biirilieiis on 
the shores of the.50 mid-ocean islands, and it is afc least possible 
tliar they may iiare brought thither some few seeds of northern 
plants. 

Considering that these several means ot transport, and that 
other means, which without doubt remain to be discovered, ha-^e 
been in action year after year for tens of thousands of years, it 
would, I think, be a marvellous fact if many plants had not thus 
become widely Iramsported. These means of transport are some- 
times crdled accidenteJ, but this is not strictly correct : the 
currents of the sea are not accidental, nor is the direction of 
prevalent gales of wind. It should be observed that scarcely any 
means of transport would carry seeds for very great distances : 
for seeds do not retain their vitality when exposed for a great 
length of time to the action of sea-water ; nor could they ])e long 
carried in the crops or intestines of birds. Those means, however, 
would suffice for occasional transjiort across tracts of sea some 
hundred miles in breadth, or from island to island, or from a 
continent to a neighbouring island, but not from one distant 
continent to another. The floras of distant continents would not 
by such means become mingled ; but would remain as distinct as 
they now are. The currents, from their course, would never bring 
seeds from North America to Britain, though they might and do 
bring seeds from the West Indies to our western shores, where, if 
not killed by their very long immersion in salt water, they could 
not endure our climate. Almost every year, one or two land-birds 
are blown across the whole Atlantic Ocean, from North America 
to the western shores of Ireland and England ; but seeds could he 
transported by these rare wanderers only by one means, namely, 
by dirt adhering to their feet or beaks, which is in itself a rare 
accident. Even in this case, how small would be the chance of a 
seed falling on favourable soO, and coming to maturity ! But it 
would be a great error to argue that because a well-stocked island, 
like Great Britain, has not, as far as is known (and it would be 
very difficult to prove this), received within the last few centuries, 
through occasional means of transport, immigrants from Europe 
or any other continent, that a poorly-stocked island, though stand- 
ing more remote from the mainland, would not receive colonists 
by similar means. Out of a hundred kinds of seeds or animals 
transported to an island, even if far less well-stocked than Britain, 
perhaps not more than one would be so well fitted to its new 
home, as to become naturalised. But this is no valid argument 
against what would be effected by occasional moans of transport, 
during the long lapse of geological time, whilst the island was 
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bein.i' iiplieaved, and before it had become fully stocked with 
inhabitants. On almost bare land, with few or no cleHtriictive 
insects or birds living there, nearly every seed wliich chanced to 
arrive, if fitted for the climate, would germinate and survive. 

Dif^prrsrd durlnrj the Glacial Period, 

The identity of many plants and animals, on monntain-siimniiis, 
separated from each other by hundreds of miles of lowlands, 
where Alpine species could not possibly exist, is one of the most 
striking cases known of the same species living at distant points, 
without the apparent possibility of their having migratecl from 
one point to the other. It is indeed a remarkable fact to see so 
many plants of the same species living on the snowy regions of 
the Alps or Pyrenees, and in the extreme northern parts of 
Europe; but it is far more remarkable, that the plants on the 
"WEite Mountains, in the United States of America, are all the 
same with those of Labrador, and nearly all the same, as we hoar 
from Asa Gray, with those on the loftiest mountains of Europe. 
Even as long ago as 1747, such facts led Gmelin to conclude that 
the same species imist have been independently created at many 
distinct points ; and we might have remained in this same belief, 
had not Agassiz and otliem called vivid attention to the Glacial 
period, wliich, as we sliall immediately see, affords a simple 
explanation of these facts. have evidence of almost every 
conceivable kind, organic and inorganic, that, within a very recent 
geological period, central Europe and ISTorth America suffered 
under an arctic climate. The ruins of a house burnt by fire do 
not tell their tale more plainly than do the mountains of Scotland 
and Wales, with their scored fianks, polished surfaces, and perched 
boulders, of the icy streams with which their valleys were lately 
filled. So greatly has the climate of Europe changed, that in 
Korthern Italy, gigantic moraines, left by old glaciers, are now 
clothed by the vino and maize. Throughout a large part of the 
United States, erratic boulders and scored rocks plainly reveal a 
former cold period. 

The former influence of the glacial climate on the distribution 
of the inhabitants of Europe, as exi>laiued by Edward Forbes, is 
substantially as follows. But wq shall follow the changes more 
readily, by supposing a new glacial period slowly to come on, and 
then pass away, as formerly occurred. As the cold came on, and 
as each more southern zone became fitted for the inhabitants of 
the north, these would take the places of the former inhabitants 
of the temperate regions. The latter, at the same time, would 
travel further and further southward, unless they were stoppcMi 
by barriers, in which case they would perish. The mountains 
would become covered with snow and ice, and their former Alpino 
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laliabitaiits would descend to ilie plains. Ey tlie tlnio tnat tlic 
cold liad readied its maximum, we sLuiikl Lave an arctic fauna 
and flora, covering the central parts ox Europe, as far south as tlie 
Alps and Pyrenees, and even stretching into Spain. The now 
temperate regions of the United Slates vronld likewise ho 
covered by arctic plants and animals and these would be nearly 
the same -with those of Europe; for the present circumpolar 
inhabitants, avMcIi we suppose to have everywhere travelled 
southward, are remarkably uniform round the %vorld. 

As the warmth returned, the arctic forms would retreat north- 
ward, closely followed up in their retreat by the productions of 
the more temj)erate regions, iind a.s the snov/ melted from the 
bases of the mountains, the arctic forms would seize on the 
cleared and thawed ground, always ascending, as the wariiitli 
increased and the snow still further disappeared, higher and 
higher, whilst their brethren were pursuing their northern joiiriie^\. 
Hence, when the warmth had fully returned, the same species, 
which had lately lived together on the European and Xorth 
American lowlands, would again be found in the arctic regions of 
the Old and Hew Worlds, and on many isolated mountain-sum- 
mits far distant from each other. 

Thus we can understand the identity of many plants at pointf? 
so immensely remote as the mountains of the United States and 
those of Europe. We can thus also understand the fact that the 
Alpine plants of each mountain-range are more especially related 
to the arctic forms living due north or nearly due north of them ; 
for the first migration when the cold came on, and the re-migra- 
tion on the returning warmth, would generally have been due 
south and north. The Alpine plants, for example, of Scotland, 
as remarked by Mr. H. C. Watson, and those of the Pyrenees, as 
remarked by Ramond, are more especially allied to the plants of 
northern Scandinavia ; those of the United States to Labrador ; 
those of the mountains of Siberia to the arctic regions of that 
country. These views, grounded as they are on the perfectly 
well-ascertained occurrence of a former Glacial period, seem to 
me to explain in so satisfactory a manner the present distribution 
of the Alpine and Arctic productions of Europe and America, that 
when in other regions we find the same species on distant moun- 
tain-summits, we may almost conclude, without other evidence, that 
a colder climate formerly permitted their migration across the 
intervening lowlands, now become too warm for their existence. 

As the arctic fonns moved first southward and afterwards back- 
wards to the north, in unison with the changing climate, they 
will not have been exposed during their long migrations to any 
great diversity of temperature ; and as they all migrated in a body 
together, their mutual relations will not have been much disturbed. 
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Hence, in accordance with the principles inculcated in this voliuiie, 
these forms will not have been liable to much modification. But 
with the Alpine productions, left isolated from the moment of the 
returning warmth, first at the bases and ultimately on the summits 
of the mountains, the case will have been somew^hat different ; for 
it is not likely that all the same arctic species will have been left 
on mountain-ranges far distant from each other, and have survived 
there ever since ; they will also in all probability, have become 
mingled with ancient Alpine species, which must have existed on 
the mountains before the commencement of the Glacial epoch, 
and which during the coldest period will have been temporarily 
driven down to the plains ; they will, also, have been subsequently 
exposed to somewhat difi.erent climatal influences. Their mutual 
relations thus have been in some degree disturbed; conse- 
<iuently they will have been liable to modification ; and they have 
been modified ; for if we compare the present Alpine plants and 
animals of the several great European mountain-ranges one vuth 
another, though many of the species remain identically the same, 
some exist as varieties, some as doubtful forms or sub-species, and 
some as distinct yet closely allied species representing each other 
on the several ranges. 

In the foregoing illustration I have assumed that at the com- 
mencement of our imaginary Glacial period, the arctic productions 
were as uniform round the polar regions as they are at the present 
day. But it is also necessary to assume that many sub-arctic and 
some few temperate fonns were the same round the world, for 
some of the species which now exist on the lower mountain -slopes 
and on the plains of North America and Europe are the same ; 
and it may be asked how I account for this degree of uniformity 
in the sub-arctic and temperate forms round the wmrid, at the 
commencement of the real Glacial period. At the present day, 
the sub-arctic and northern temperate productions of the Old and 
New Worlds are separated from each other by the whole Atlantic 
Ocean and by the northern part of the Pacific. During the 
Glacial period, when the inhabitants of the Old and New Worlds 
lived farther southwards than they do at present,, they must have 
been still more completely separated from each other by wider 
spaces of ocean; so that it may well be asked how the same 
species could then or previously have entered the two continents. 
The explanation, I believe, lies in the nature of the climate 
before the commencement of the Glacial period. At this, the 
newer Pliocene period, the majority of the inhabitants of the 
world were specifically the same as now, and we have good reason 
to believe that the climate was warmer than at the present day. 
Hence vre may suppose that the organisms which now live under 
latitude 60®* lived dimiag the Pliocene period farther north under 
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the Polar Circle, in latitude 66°-e7°; and that the present arctic 
productions then lived on the broken land sciil nearer to the pole. 
Now, if we look at a terrestrial globe, we see under the Polar 
Circle that there is almost continuous land from Vv-esteriri Europe, 
through Siberia, to eastern America. And this continuity of the 
circumpolar land, with the consequent freedom under a more 
favourable climate for intennigration, vdii account for the sup- 
posed uniformity of the sub-arctic and temperate producrions c i 
the Old and New Worlds, at a period anterior to the Glacial 
epoch. 

Believing, from reasons before alluded to, that our continents 
have long remained in nearly the same relative position, though 
subjected to great oscillations of level, I am strongly inclined to 
estend the above view, and to infer that during some still earlier 
an<i still w^armer period, such as the older Pliocene period, a large 
number of the same plants and animals inhabited the almost con- 
tinuous circumpolar land; and that these plants and animals, 
both in the Old and New Worlds, began slowly to migrate south- 
wards as the climate became less warm, long before the commence- 
ment of the Glacial period. Wo now see, as I believe, their 
descexidants, mostly in a modified condition, in the central parts 
of Europe and the United States. On this view we can under- 
stand the relationship with very little identity, between the pro- 
ductions of North xVmerica and Europe, — a relationship which is 
highly remarkable, considering the distance of the two areas, and 
their separation by the whole Atlantic Ocean. We can further 
understand the singular fact remarked on by several observers 
that the productions of Europe and America during the later 
tertiary stages were more closely related to each other than they 
are at the present time; for during these w^armer periods the 
northern parts of the Old and New Worlds will have been almost 
continuously united by land, serving as a bridge, since rendered 
impassable by cold, for the intermigration of their inhabitants. 

During the slowly decreasing warmth of the Pliocene period, as 
soon as the species in common, which inhabited the New and Old 
Worlds, migrated south of the Polar Circle, they will have been 
completely cut off from each other. This separation, as far as the 
more temperate productions are concerned, must have taken place 
long ages ago. As the plants and animals migrated southward, 
they will have become mingled in the one great region with the 
native American productions, and would have had to compete 
with them ; and in the other great region, with those of the Old 
World. Consequently we have here everything favourable for 
much modification, — for far more modification than with the 
Alpine productions, left isolated, within a much more recent 
period, on the several mountain-ranges and on the arctic lands of 
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Europe and ET. America. Hence it has come, that 'Riton we 
compare the now living productions of the temperate regions of 
the New and Old Worlds, we iiiid very few identical species 
(though Asa Gray has lately shown that more plants are identical 
than was formerly supposed), but we find in every great class 
many forms, which some naturalists rank as geographical races, 
and others as distinct sjiecies; and a host of closely allied or 
representative forms which are ranked by all naturalists as 
specifically distinct. 

As on the land, so in the waters of the sea, a slow southern 
migration of a marine fauna, which, during the Pliocene or even a 
somewhat earlier period, was nearly uniform along the continuous 
shores of the Polar Circle, mil account, on the theory of modifica- 
tion, for many closely allied forms now living in marine areas 
completely sundered. Thus, I think, we can understand the 
presence of some closely allied, still existing and extinct tertiary 
forms, on the eastern and western shores of temperate North 
America; and the still more striking fact of many closely allied 
crustaceans (as described in Dana’s admirable work), some fish 
and other marine animals, inhabiting the Mediterranean and the 
seas of Japan, — these two areas being now completely separated 
by the breadth of a whole continent and by wide spaces of ocean. 

These cases of close relationship in species cither now or 
formerly inhabiting the seas on the eastern and western shores of 
North America, the Mediteiranean and Japan, and the temperate 
lands of North America and Europe, are inexplicable on the 
theory of creation. We cannot maintain that such .species have 
been created alike, in correspondence with the nearly similar 
physical conditions of the areas ; for if we compare, for instance, 
certain parts of South America with parts of South Africa or 
Australia, we see countries closely similar in all their physical 
conditions, with their inhabitants utterly dissimilar. 

Alternate Glacial PeHocls in the Korth and South. 

But we must return to our more immediate subject. I am 
convinced that Forbes’s view may be largely extended. In 
Europe we meet with the plainest evidence of the Glacial period, 
from the western shores of Britain to the Ourai range, and 
southward to the Pyrenees. We may infer from the frozen 
mammals and nature of the mountain vegetation, that Siberia 
was similarly affected. In the Lebanon, according to Dr. Hooker, 
perpetual snow formerly covered the central axis, and fed glaciers 
which rolled 4000 feet dovm the valleys. The same observer has 
recently found great moraines at a low level on the Atlas range 
in N. Africa. Along the Himalaya, at points 000 miles apart, 
glaciers have left the marks of their former low descent; and m 
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Hilddnij Dr. Hooker saw maize growing on ancient and 
mofaiaes. Soiitliward of tlie Asiatic continent, on tlie op^iosite 
side of the eriiiator, we know, from the excellent researches of 
Dr. J. liaast and Dr. Hector, that in Kew Zealand immense 
glaciers formerly descended to a low level ; and the same plants 
found by Dr. Hooker on widely separated mountains in this 
island tell the same story of a fonner cold period. From facts 
communicated to me by the iter. \7. B. Clarke, it appears also 
that there are traces of former glacial action on the moiiiiiaiiis of 
the south-eastern corner of Australia. 

Looking to America ; in the northern half, ice-borne fragments 
of rock have Ijeen observed on the eastern side of the continent, 
as far south as lat. and on the shores of the Pacific, where 

the climate is now so dillereut, as far sonlli as lat. 40° Erratic 
boulders have, also, been noticed on the llocky Mountains. In 
the Cordillera of South America, nearly under the equator, glaciers 
once extended far below their present level. In Central Chile I 
examined a vast mound of detritus with great boulders, crossing 
the Portillo valley, wliich there can hardly be a doubt once 
formed a huge moraine ; and Mr. D. Forbes informs me that he 
found in various parts of the Cordillera, from lat. 13° to 30° S., at 
about the height of 12,000 feet, deeply-furrowed rocks, resembling 
those with winch ho was familiar in Norway, and likewise great 
masses of detritus, including grooved pebbles. Along this whole 
space of the Cordillera true glaciers do not now exist even at 
much more considerable heights. Farther south on both sides of 
the continent, from lat. 41° to the southernmo.st extremity, we 
have the clearest evidence of former glacial action, in numerous 
immense boulders transported far from their parent source. 

From these several facts, namely from the glacial action having 
extended all round the northern and southern hemispheres— -from 
the period having been in a geological sense recent in both hemi- 
spheres — ^from its having lasted in both during a great length of 
time, as may be inferred from the amount of work effected — and 
lastly from glaciers having recently descended to a low level 
along the whole line of the Cordillera, it at one time appeared to 
me that we could not avoid the conclusion that the temperature 
of the whole world had been simultaneously lowered during the 
Glacial period. But now Mr. CroU, in a series of admirable 
memoirs, has attempted to show that a glacial condition of 
climate is the result of various physical causes, brought into 
operation by an increase in the eccentricity of the earth’s orbit. 
iUl these causes tend towards the same end; but the most 
powerful appears to be the indirect influence of the eccentricity 
of the orbit upon oceanic currents. According to Mr. Croll, cold 
periods regularly recur every ten or fifteen thousand years ; and 
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these at long intervals are extremely severe, owing to certain 
contingencies, of which the most important, as Sir C. Lyell has 
shown, is the relative position of the land and water. Mr. Croli 
believes that the last great Glacial period occurred about 240,000 
years ago, and endured with slight alterations of climate for about 
160,000 years. With respect to more ancient Glacial periods, 
several geologists are convinced from direct evidence that such 
occurred during the Miocene and Eocene formations, not to 
mention still more ancient formations. But the most important 
result for us, arrived at by Mr. Croll, is that w'henever tlio 
northern hemisphere passes through a cold period the tempera- 
ture of the southern hemisphere is actually raised, with the 
winters rendered much milder, chiefly through changes in the 
direction of the ocean-currents. So conversely it will be with 
the northern hemisphere, whilst the southern passes through a 
Glacial period. This conclusion throws so much light on geo- 
graphical distribution that I am strongly inclined to trust in it; 
but I will first give the facts, -which demand an explanation. 

In South America, Dr. Hooker has shown that besides many 
closely allied species, between forty and fifty of the flowering 
plants of Tierra del Euego, forming no inconsiderable part of 
its scanty flora, are common to North America and Europe, 
enormously remote as these areas in opposite hemispheres are 
from each other. On the lofty mountains of equatorial America 
a host of peculiar species belonging to European genera occur. 
On the Organ mountains of Brazil, some few temperate European, 
some Antarctic, and some Andean genera were found by Gardner, 
which do not exist in the low intervening hot countries. On the 
Silla of Caraccas, the illustrious Humboldt long ago found species 
belonging to genera characteristic of the Cordillera. 

In Africa, several forms characteristic of Europe and some few 
representatives of the flora of the Cape of Good Hope occur on 
the mountains of Abyssinia, At the Cape of Good Hope a very 
few European species, believed not to have bepn introduced by 
man, and on the mountains several representative European forms 
are found, which have not been discovered in the intertropical 
parts of Africa. Dr. Hooker has also lately shown that several 
of the plants living on the upper parts of the lofty island of 
Fernando Po and on the neighbouring Cameroon mountains, in 
the Gulf of Guinea, are closely related to those on the mountains 
of Abyssinia, and likewise to those of temperate Europe. It now 
also appears, as I hear from Dr. Hooker, that some of these same 
temperate plants have been discovered by the Bov, B. T, Lowe on 
the mountains of the Cape Verde islands. This extension of the 
same temperate forms, almost under the equator, across the whole 
continent of Africa and to the mountains of the Cape Verde 



317 


Ohaf. XIL] IX TBE XOBTH AND SOCTH. 

firelilpelago, is one of the most astonisliing facts orer ret on ted in 
tlie distribution of plants. 

On tlio Himalaya, and on the isolated mountain-ranges of the 
peninsula of India, on the heights of Ceylon, and on the volcanic 
cones oi Java, many plants occur, either identically the same or 
reprcseniing each other, and at the same time rei^reseiiiing plants 
of Europe, not found in the inten’ening hot lowlands. A list of 
the genera of plants collected on the loftier peaks of Java, raises 
a picture of a collection made on a hillock in Europe ! Still more 
striking is the fact that peculiar Australian forms are represented 
by certain plants grooving on tlie summits of the mountains of 
Borneo. Some of these Australian forms, as I hear from Dr. 
Hooker, extend along the heights of the peninsula of hlalaeca., 
and are thinly scattered on the one hand over India, and on the 
other hand as far north as Japan, 

On the southern mountains of Australia, Dr. F. Muller has 
discovered several European species ; other species, not introduced 
])y man, occur on the lowlands ; and a long list can he given, as I 
am informed hy Dr. Hooker, of European genera, found in 
Australia, but not in the intermediate torrid regions. In the 
admirable ‘ Introduction to the Flora of Hew Zealand,’ by Dr, 
Hooker, analogous and striking facts are given in regard to the 
plants of that large island. Hence we see that certain plants 
growing on the more lofty mountains of the tropics in all parts 
of the world, and on the temperate xdaiiis of the north and south, 
are either the same species or varieties of the same species. It 
should, however, be observed that these i3]ant3 are not strictly 
arctic forms; for, as Mr. H. 0. Watson has remarked, “in re- 
ceding from polar towards equatorial latitudes, the Alpine or 
mountain iloras really become less and less Arctic.” Besides 
these identical and closely allied forms, many species inhabiting 
the same widely sundei'ed areas, belong to genera not now found 
ill the intermediate tropical lowlands. 

These brief remarks apply to plants alone; but some few 
analogous facts could be given in regard to terrestrial animals. 
In marine productions, similar cases likewise occur; as an 
example, I may quote a statement by the highest authority, 
Prof. Dana, that “it is certainly a wonderful fact that New 
Zealand should have a closer resemblance in its Crustacea to 
Great Britain, its antipode, than to any other part of the world.” 
Sir J. Bichardson, also, speaks of the reappearance on the shores 
of New Zealand, Tasmania, &c., of northern forms of fish. Dr. 
Hooker infoi'ms me that twenty-five species of Algae are common 
to New Zealand and to Europe, but have not been found in the 
intermediate tropical seas. 

From the foregoing facts, namely, the presence of temperate 
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forms on the highlands across the whole of equatorial Africa, 
and along the Peninsula of India, to Ceylon and the Malay 
Archipelago, and in a less well-marked manner across the wide 
expanse of tropical South America, it appears almost certain that 
at some former period, no doubt during the most severe pare of a 
Glacial period, the lowlands of these great continents were every- 
where tenanted under the equator by a considerable nuni])er of 
temperate forms. At this period the equatorial climate at the 
level of the sea was probably about the same \\ith that now 
experienced at the height of from five to six thousand feet under 
the same latitude, or perhaps even rather cooler. During this, 
the coldest period, the lowlands under the equator must have 
been clothed with a mingled tropical and temj)erate vegetation, 
like that described by Hooker as growing luxuriantly at the 
height of from four to five thousand feet on the lower slopes of 
the Himalaya, but with perhaps a still greater preponderance of 
temperate forms. So again in the mountainous island of Fernando 
Po, in the Gulf of Guinea, JJr. Maun found temperate European 
forms beginning to appear at the height of about five thousand 
feet. On the mountains of Panama, at the height of only two 
thousand feet, Dr. Seemann found the vegetation like that of 
Mexico, “with forms of the torrid zone harmoniously blended 
with those of the temperate.” 

Now let us see whether Mr. Crolls conclusion that when the 
northern hemisx>here suffered from the extreme cold of the great 
Glacial period, the southern hemisphere was actually warmer, 
throws any clear light on the present apparently inexplicable 
distribution of various organisms in the teinparate parts of both 
hemispheres, and on the mountains of the tropics. The Glacial 
period, as measured by years, must have been very long; and 
when we remember over what vast spaces vsome naturalised plants 
and animals have spread within a few centuries, this period will 
have been ample for any amotint of migration. As the cold 
became more and more intense, we know that Arctic forms 
invaded the temperate regions; and, from the facts just given, 
there can hardly be a doubt that some of the more vigorous, 
dominant and widest-spreading temperate forms invaded the 
equatorial lowlands. The inhabitants of these hot lowlands 
would at the same time have migrated to the tropical and sub- 
tropical regions of the south, for the southern hemisphere was at 
this period warmer. On the decline of the Glacial period, as both 
hemispheres gradually recovered their former temperatures, the 
northern temperate forms living on the lowlands under the 
equator, would have been driven to their former homes or have 
been destroyed, being replaced by tire equatorial forms returning 
from the south. Som% howeTer^ of the northern temperate forms 
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woiiid almoriu certainly liave ascended any adjoining liigli land, 
vrliere, if sufncieiitly lofty, they would have long survived like the 
Arctic forms on the mountains of Europe. They might have 
survived, even if the climato was not perfectly fitted for them, 
for the change of temperature must have been very slow, and 
X)Iarits undoubtedly possess a certain capacity for acclimatisauoii, 
as shown by their transmitting to their offspring different con- 
otitutioiial powers of resisting heat and cold. 

In the regular course of events the southern hemisphere would 
in its turn be subjected to a severe Glacial period, with the 
nortliern hemisplioro rendered •^vanner; and then the southern 
lemperato forms vrould invade the equatorial lowlands. The 
aorLlicrn foims which had before been left on the mountains 
would now descend and mingle with the southern forms. These 
latter, when the warmth returned, would return to their former 
Iiomes, leaving some few species on the mountains, and carrying 
usoniliward with them some of the northern temperate forms 
which had descended from their mountain fastnesses. Thus, 
wo should have some few species identically the same in the 
northern and southern temperate zones and on the mountains of 
the iiitorniediato tropical regions. But the sj^ecies left during a 
long time on these mountains, or in opposite hemispheres, -would 
have to compete with many new forms and would be exposed to 
somewhat different physical conditions; hence they would be 
eminently liable to modification, and would generally now exist 
as varieties or as representative species ; and this is the case. We 
must, also, bear in mind the occurrence in both hemispheres of 
former Glacial periods; for these will account, in accordance with 
the same principles, for the many quite distinct species inhabiting 
the same widely separated areas, and belonging to genera not now 
found in the intermediate torrid zones. 

It is a remarkable fact strongly insisted on by Hooker in regard 
to America, and by Aliih. de Candolle in regard to Australia, that 
many more identical or slightly modified species have migrated 
from the north to the south, than in a reversed direction. We 
see, however, a few southern forms on the mountains of Borneo 
and Abyssinia. I suspect that this preponderant migration from 
the north to the south is due to the greater extent of land in the 
north, and to the northern forms having existed in their own 
homes in greater numbers, and having consequently been 
advanced through natural selection and competition to a 
higher stage of perfection, or dominating power, than the 
southern forms. And thus, when the two sets became com- 
mingled in the equatorial regions, during the alternations of 
the Glacial periods, the northern forms w^ere the more powerful 
and ware able to hold their places on the mountains, and after* 
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wards to migrate soutliward with the southern forms ; but not so 
the southern in regard to the northern forms. In the same 
manner at the present day, we see that very many European 
productions cover the ground in La Plata, Kew Zealand, and 
to a lessor degree in Australia, and have beaten the natives; 
whereas extremely few southern forms have become naturalised 
ill any part of the northern hemisphere, though hides, wool, and 
other objects likely to carry seeds have been largely imported into 
Europe during the last two or three centuries from La Plata 
and during the last forty or fifty years from Australia. The 
Neilgherrie mountains in India, however, offer a partial excep- 
tion ; for here, as I hear from Dr. Hooker, Australian forms are 
rapidly sowing themselves and becoming naturalised. Before the 
last great Glacial period, no doubt the intertropicai mountains 
were stocked with endemic Alpine forms; but these have almost 
everywhere yielded to the more dominant forms generated in the 
larger areas and more efficient workshops of the north. In many 
islands the native productions are nearly equalled, or even out- 
numbered, by those w’hich have become naturalised ; and this is 
the fi.rst stage towards their extinction. Mountains are islands 
on the land, and their inhabitants have yielded to those produced 
within the larger areas of tiie north, just in the same way as the 
inhabitants of real islands have everywhere yielded and are still 
yielding to continental forms naturalised through man’s agency. 

The same principles apply to the distribution of terrestrial 
animals and of marine productions, in the northern and southern 
temperate zones, and on the intertropicai mountains. When, 
during the height of the Glacial period, the ocean-currents were 
widely different to what they now are, some of the inhabitants of 
the temperate seas might have reached the equator; of these a 
few 'Would perhaps at once be able to migrate southward, by 
keeping to the cooler currents, whilst others might remain and 
survive in the colder depths until the southern hemisphere was 
in its turn subjected to a glacial climate and permitted their 
further progress ; in nearly the same manner as, according to 
Forbes, isolated spaces inhabited by Arctic productions exist 
to the present day in the deeper parts of the northern temperate 
seas. 

I am far from supposing that all the difficiilties in regard to the 
distribution and affinities of the identical and allies species, which 
now live so widely separated in the north and south, and some- 
times on the intermediate mountain-ranges, are removed on the 
views above given* The exact lines of migration cannot be 
indicated. We cannot say why certain species and not others 
have migrated ; why certain species have been modified and have 
given rise to new forms, whilst others have remained unaltered. 
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IVe cannol Iiope to explaiii .such facts, until wc can say iTliy one 
^l>2cic‘S aiid noL aiiotlior bc-coines naturalised by man s agency in a 
toreigii land ; why one species ranges tv\icG or thnee as far, and is 
twice or thrice as common, as another species within their own 
lioines. 

Yarioiis special dinierdties also remain to be solved ; for instance, 
ilie occurrence, as shown by Dr. Hooker, of tho same plants at 
points so enormously remote as Kerguelen Land, Xew Zealand, 
and Fiiegia ; but icebergs, as suggested by Lyell, may have been 
concerned in their dispersal. The existence at these and other 
distant ])oints of the southern hemisphere, of species, which, 
Ihongli distinct, belong to genera exclusively confined to the 
south, is a more remarkable case. Some of these species are so 
di.stmct, that we cannot suppose that there has been time since 
the coiiimeiiceiiicnt of tlie last Glacial period for their migration 
apid subsequent modification to the necessary degree. The facts 
seem to indicate that distinct species belonging to the same 
genera have migrated in radiating lines from a common genera ; 
and I am inclined to look in the southern, as in the northern 
hemisphere, to a former and warmer period, befoi'e the commence- 
ment of the last Glacial period, when the Antarctic lands, now- 
covered with ice, supported a highly peculiar and isolated flora. 
] t may be .suspected that before this flora w’-as exterminated during 
the last Glacial epoch, a few forms had bean already widely dis- 
persed to various points of the southern hemisphere by occasional 
moan.s of tiun-sport, and by the aid as halting-places, of now 
sunken islands. Tlm,s the southern shores of x\nierica, Australia, 
and New Zealand may have become slightly tinted by the same 
peculiar forms of life. 

Sir C. Lyell in a striking passage has speculated, in language 
almost identical with mine, on the effects of great alterations of 
climate throughout the world on geographical distiibution. And 
we have now seen that Mr. CroU’s conclusion that successive 
Glacial periods in the one hemisphere coincide with warmer 
periods in the opposite hemisphere, together with the admission 
of the slow modification of species, explains a multitude of facts 
in the distribution of the same and of the allied forms of life in 
all parts of the globe. The living waters have flowed during one 
period from the north and during another from the south, and in 
both cases have reached the equator; but the stream of life has 
flowed with greater force from the north than in the opposite 
direction, and has consequently more freely inundated the south. 
As the tide leaves its drift in horizontal lines, rising higher on 
the shores where the tide rises highest, so have the living waters 
left their living drift on our mountain summits, in a line gently 
rising from the Arctic lowlands to a great altitude under the 
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eq-aator. The various beings thus left stranded may be compared 
with savage races of man, driven up and surviving in the iiioiiii- 
tain fastnesses of almost every land, which serves as a record, 
full of interest to us, of the former inhabitants of the surrounding 
lowlands. 


CHAPTER XIII. 

CtEOGEAPHIOAL DiSTEIBUTION— CO? l6 iillicd. 

Distribution of fresli-vraier productions — On the ixthahiianis of oceanic Islands 
— Absence of Eati'achians and of terrestrial Mammals — On the relation of 
the inhabitants of islands to those of the nearest mainland — On coioiiiaatif>n 
from the nearest source with subsequent modiiication — Suiumary of the 
last and present chapter. 

FTesJi-ioater Prodvetions. 

As lakes and river-systems are separated from each other by 
barriers of land, it might have been thought that fresh- water 
productions would not have ranged widely vdthin the sraiie 
country, and as the sea is apparently a still more forinidable 
barrier, that they would never have extended to distant countries. 
But the case is exactly the reverse. Xot only have many fresh- 
water species, belonging to different classes, an enormous raiigCj 
but allied species prevail in a remarkable manner throughout tho 
■world. When first collecting in the fresh waters of Brazil, I well 
remember feeling much surprise at the similarity of the fresh- 
water insects, shells, <fec., and at the dissimilarity of the surround- 
ing terrestrial beings, compared with those of Britain. 

But the wide ranging jiower of fresh-water productions can, I 
think, in most cases be explained by their having become fitted, 
in a manner highly useful to them, for short and frequent migra- 
tions from pond to pond, or from stream to stream, within their 
own countries ; and liability to wide dispersal would follow from 
this capacity as an almost necessary consequence. We can here 
consider only a few cases; of these, some of tho most difficult to 
explain are presented by fish. It was formerly believed that the 
same fresh-water species never existed on two continents distant 
from each other. But Dr. Gunther has lately shown that the 
Galaxias atfcenuatus inhabits Tasmania, Xe-w Zealand, the Falk- 
land Islands, and the mainland of South America,. This is a 
wonderful case, and probably indicates dispersal from an Ant- 
arctic centre during a former warm period. This case, however, 
•is rendered in some degree less surprising by the species of this 
genus having the power of crossing by some unJenown means 
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eonsideiTJ)ld fspaces of oT-jeii occaa: tlius tliera ii one species 
coiiiiii'^n to Xow Zealand and to tlio Auckland Islands, 
separated by a distance of about 2Z0 miles. On tlis .'jaine continent 
fresli-vrater fisli ofiaa ran^se ^-ddoly, and as if capriciously ; for in 
t\ro adjoining riTer-syst3in< :;oiiic of die sp^dos may be tke saniej 
ard some tvlioll^r diiToreiii. 

Ifc is probable tliat lliay are occasionally traaisported by -ndiat 
may be called accideucal moans. Tims iislies still rJi-vo arc not 
Yeiy rarely dropped at distant points by wkirhiinds ; and ifc is 
known tliat tiio ova retain fclieir vitality for a considerable time 
after removal from tbe water. Their dispersal may, however, bo 
iiiainly attributed to changes in the level of the land w'ifchin the 
recent period, causing rivers to flow into each other. Instances, 
also, could be given of tins having occurred during floods, without 
any change of level. The wide diflerenee of the fish on the oppo- 
site sides of most mountain-ranges, which are continuous, and 
wiiicli consequently must from an early i^eriod have completely 
l»revenied the inosculation of the river-systems on the two .sides, 
leads to the same conclusion. Some fresh-water fish belong to 
very ancient forms, and in such cases there will have been ample 
time for great geographical changes, and consequently lime and 
iiiean.s for much migration, hloreover Dr. Gxinther has recently 
been led by several considerations to infer that with fishes the 
same forms have a long endurance. Salt-water fish can with care 
bo slowiy accustomed to live in fresh w'ater; and, according to 
Valenciennes, there is hardly a single group of wiiicii all the 
members are confined to fresh water, so that a marine species 
belonging to a fresh-water group might travel far along the shores 
of the sea, and could, it is probable, become adapted without 
much difficulty to the fresh waters of a distant land. 

Some species of fresh-water shells have very wide ranges, and 
allied species which, on our theory, are descended from a common 
parent, and must have proceeded from a single source, prevail 
throughout the world. Their distribution at first perplexed me 
much, as their ova are not likely to be transported by birds ; and 
the ova, as well as the adults, are immediately killed by sea-w^ater. 
1 could not even understand how some naturalised species have 
spread rapidly throughout the same country. But two facts, 
which I have observed—and many others no doubt will be dis- 
covered — thrown some light on this subject. IVlien ducks suddenly 
emerge from a pond covered with duck-weed, I have twice seen 
these little plants adhering to their backs ,* and it ha.s happened 
to me, in removing a little duck-weed from one aquarium to 
another, that I have unintentionally stocked the one with fresh- 
water shells from the other. But another agency is perhaps more 
effectual : I suspended the feet of a duck in an aquarium^ where 
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iBany ova of fresh-water shells were hatching ; and I found that 
numbers of the extremely minute and just-hatched sliclls crawled 
on the feet, and clung to them so firmly that when taken out of 
the water they could not be jarred off, though at a somewhat 
more advanced age they -would voluntarily drop offl These just- 
hatched molluscs, though aquatic in their nature, survived on tho 
duck’s feet, in damp air, from twelve to twenty hours; and in 
this length of time a duck or heron might fly at least six or seven 
hundred miles, and if blown across the sea to an oceanic island, 
or to any other distant jioint, would he sure to alight on a pool or 
rivulet. Sir Charles Lyell informs me that a Dytlsciis lias been 
caught with an Ancjdiis (a fresh-water shell like a limpet) firmljr 
adhering to it; and a water-beetle of the same family, a Gol^un- 
botes, once flew on board the ‘Beagle/ %vhcn forty-fu'c miles 
distant from the nearest land : how much farther it might have 
been blown by a favouring gale no one can tell. 

Witli respect to plants, it has long been Icnown vrhat enormous 
ranges many fresh-water, and even marsh species, have, both over 
continonts and to the most remote oceanic islands. This is 
strikingly illustrated, according to Alph. de Candolle, in those 
large groups of terrestrial plants, which have very few aquatic 
members; for the latter seem immediately to ac^pairc, as if in 
coUvSequence, a wide range. I think favourable means of dis- 
persal explain this fact. I have before mentioned that earth 
occasionally adheres in some quantity to the feet and beaks of 
birds. Wading birds, which frequent the mnddy edges of ponds, 
if suddenly flushed, would be the most likely to have muddy feet. 
Birds of this order wander more than those of any other ; and 
they are occasionally found on the most remote and barren islands 
of the open ocean ; they would not be likely to alight on the surface 
of the sea, so that any dirt on their feet -would not be washed off’ ; 
and when gaining the land, they -would be sure to fly to their 
natural fresh-water haunts. I do not believe that botantists are 
aware how charged the mud of ponds is with seeds ; I have tried 
several little exi->eriments, but will here give only the most striking 
case : I took in February three table-spoonfuls of mud from three 
different points, beneath water, on the edge of a little pond : this 
mud when dried weighed only 6| ounces ; I kept it covered up in 
ray study for six months, pulling up and counting each plant as 
it grew; the plants were of many kinds, and were altogether 537 
in number; and yet the viscid mud -n’-as ail contained in a break- 
fast cup ! Considering these facts, I think it would be an inex- 
plicable circumstance if water-birds did not transport the seeds 
of fresh- water plants to unstocked ponds and streams, situated at 
very distant points. The same agency may have come into play 
with the eggs of some of the smaller fresh- water animals, 



325 


CnA7. Xllt] FBESH-WATEE PEODUCTIOXS. 

Other and Hiiknowii agencies i/i'obablj- have also played a pari 
I have stated that fresh-water fish eat some kinds of seeds, though 
they reject many other kinds after having swallowed tliein; even 
srnali hsb swallow seeds of moderate size, as of the yellow water* 
Illy and Potainogeton Herons and other birds, century after 
century, have gone on daily devouring fish ; they then take flight 
and go to oilier waters, or are blown across the sea : and vre have 
seen that seeds retain their power of germination, when rejected 
many hours afterwards in pellets or in the excrement. "Wiieii I 
ravr the gieat size of the seeds of that fine water-liljg the Helum- 
bium, and remembered i\Jph. de Candolle’s remarks on the distri- 
bution of this plant, I thought that the means of its dispersal must 
remain inexplicable ; but Audubon states that lie found the seeds 
of the great southern water-lily (probaldy, according to Dr. Hooker, 
the Neliimbium liiteuni) in a heron’s stomach. How this bird 
must often have flown vrith its stomach thus well stocked to distant 
ponds, and tlien getting a hearty meal of fish, analogy makes me 
believe that it would have rejected the seeds in a pellet in a fit 
state for germination. 

In considering these several means of distribution, it should be 
remembered that when a pond or stream is first formed, for in- 
stance, on a rising islet, it will be unoccupied ; and a single seed 
or egg vrill have a good chance of succeeding. Althoiigli there will 
always be a struggle for life bctw'een the inhabitants of the same 
pond, hovrever few in kind, yet as the iiiinibcr even in a W’ell- 
stocked pond is small in comparison with the immber of species 
inhabiting an eipial area of land, the competition between them 
will probably be loss severe than between terrestrial species ; con- 
sequently an intruder from the waters of a foreign country would 
have a better chance of seizing on a new place, than in the case of 
terrestrial colonists. We should also remember that many fresli- 
w^ater productions are low in the scale of nature, and w*e have 
reason to believe tha,t such beings become modified more slowly 
than the high ; and this will give time for the migration of aquatic 
species. We should not forget the probability of many fresh- w’ater 
forms having formerly ranged continuously over immense areas, 
and then having become extinct at intermediate points. But the 
wide distribution of fresh-water plants and of the low^er animals, 
wrlietlier retaining the same identical form or in some degree 
modified, ajqiareutly depends in main part on the wide dispersal 
of their seeds and eggs by animals, more especially by fresh-w’ater 
birds, which have great powers of flight, and naturally travel from 
one niece of water to another. 
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On the Inhabitants of Oceanic Islands. 

*Vre now come to the last of the three classes of facts, which I 
have selected as presenting the greatest amount of cliSiculty with 
respect to distribution, on the view that not only all the indi- 
viduals of the same species have migrated from some one area, but 
that allied species, although now inhabiting the most distant 
points, have proceeded from a single area, — the birthplace of their 
early progenitors. I have already given my reasons for disbeliev- 
ing in continental extensions within the period of existing species, 
on so enormous a scale that all the many islands of the several 
oceans were thus stocked with their present terrestrial inhabitants. 
This view removes many difficulties, but it does not accord with 
all the facts in regard to the productions of islands. In the follow- 
ing remarks I shall not confine myself to the mere question of 
dispersal, but shall consider some other cases bearing on the truth 
of the twTo theories of independent creation and of descent with 
modification. 

The species of all kinds wiiich inhabit oceanic islands are few hi 
number compared with those on equal continental areas ; Alph. de 
Candolle admits this for plants, and Wollaston for insects. New 
Zealand, for instance, with its lofty mountains and diversified 
stations, extending over TSO miles of latitude, together with the 
outlying islands of Auckland, Campbell and Chatham, contain 
altogether only 960 kinds of floweiing i>lants ; if w^e compare this 
moderate number with the sjiecios which swarm over equal areas 
in South-Western Australia or at the Cape of Good Hope, w^e 
must admit that some cause, independently of different physical 
conditions, has given rise to so great a difference in number. Ev en 
the uniform county of Cambridge has 847 plants, and the little 
island of Anglesea 764, but a few ferns and a few introduced plants 
are included in these numbers, and the comparison in some other 
respects is not quite fair. We have evidence that the barren island 
of Ascension aboriginally possessed less than half-a-dozen flower- 
ing plants ; yet many species have now become naturalised on it, 
as they have in New Zealand and on every other oceanic island 
which can be named. In St. Helena there is reason to believe that 
the naturalised plants and animals have nearly or quite extermi- 
nated many native productions. He who admits the doctrine of 
the creation of each separate species, wdli have to admit that a 
sufficient number of the best adapted plants and animals were not 
created for oceanic islands ; for man has unintentionally stocked 
them far more fully and perfectly than did nature. 

Although in oceanic islands the species are few in number, the 
proportion of endemic kinds ii,e. those found nowhere else in the 
world) is often extremely large. If we compare, for instance, th© 
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number of endemic land-shells in iladeira, or of eiideniie birds in 
tliG Galapagos Archipelago, with the number found on any conti- 
neiitj and then compare the area of the island with that of the 
continent, we shall see that this is true. This fact might have 
bseu theoretically expected, for, as already explained, species 
occasionally arriring after long intervals of time in the new and 
isolated district, and having to compete 'i\uth new associates, ivould 
bo emineuLly lia’ole to modification, and would often produce 
groups of modified descendants. But it by no means follows that, 
because in an island nearly all the species of one class are peculiar, 
those of another class, or of another section of the same class, are 
peculiar ; and this difi’erence seems to depend partly on the species 
which are not modified having immigated in a body, so that their 
mutual relations have not been much disturbed ; and partly on 
the frequent arrival of unmodified immigrants from the mother- 
country, with which the insular forms have intercrossed. It 
should be borne in mind that the offspring of such crosses would 
certainly gain in vigour ; so that even an occasional cross wonld 
produce more eiiect tlian might have been anticipated. I will give 
a few illustrations of the foregoing remarks: in the Galapagos 
Islands there are 26 land-birds; of these 21 (or perhaps 23) are 
peculiar, whereas of the 11 marine birds only 2 are peculiar; and 
it is obvious that marine birds could arrive at these islands much 
more easily and frec^ueiitly than land-birds. Bermuda, on the 
other hand, which lies at about the same distance from North 
America as the Galapagos Islands do from South America, and 
which has a very peculiar soil, does not possess a single enclemi® 
land-bird ; and we know from Mr. J. M. Jones's admirable account 
of Bermuda, that very many North American birds occasionally 
or even frequently visit this island. Almost every year, as I am 
informed by Mr. E. Y. Harcourt, many European and African 
birds are blown to Madeira ; this island is inhabited by 99 kinds, 
of which one alone is peculiar, though very closely related to a 
European form ; and three or four other species are confined to 
this island and to the Canaries. So that the Islands of Bermuda 
and Madeira have been slocked from the neighbouring continents 
with birds, which for long ages have there stniggled together, and 
have become mutually co-adapted. Hence when settled in their 
new homes, each kind will have been kept by the others to its 
proper place and habits, and will consequently have been but little 
liable to modification. Any tendency to modification wall also 
have been checked by intercrossing with the unmodified immi- 
grants, often arriving from the mother-country. JIadeira again is 
inhabited by a wonderful number of peculiar land-shells, whereas 
not one species of sea-shell is peculiar to its shores : now, though 
we do not know how sea-shells are dispersed, yet we can see that 
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their eggs or larvae, perhaps attached to sea%Yeed or floating timber, 
or to the feet of T;\’ading-birds, might be transported across three 
or four hundred miles of open sea far more easily than land-shells. 
The different orders of insects inhabiting Madeira present nearly 
parallel cases. 

Oceanic islands are sometimes deficient in animals of certain 
whole classes, and their places are occupied by other classes ; thus 
in the Galapagos Island reptiles, and in ISTew Zealand gigantic 
%vingles3 birds, take, or recently took, the place of mammals. 
Although New Zealand is here spoken of as an oceanic island, it is 
in some degree doubtful whether it should be so ranked ; it is of 
large size, and is not separated from Australia by a profoundly 
deep sea; from its geological character and the direction of its 
mountain-ranges, the Eev. W. B. Clarke has lately maintained 
that this island, as well as New Caledonia, should be considered 
as appurtenances of Australia. Turning to plants, Dr. Hooker 
has shown that in the Galapagos Islands the proportional numbers 
of the difterent orders are very different from what they are else- 
where. All such differences in number, aud the absence of certain 
whole groups of animals and plants, are generally accounted for 
by supposed differences in the physical conditions of the islands ; 
but this explanation is not a little doubtful. Facility of immigra- 
tion seems to have been fuDy as important as the nature of the 
conditions. 

Many remarkable little facts could be given with respect to the 
inhabitants of oceanic islands. For instance, in certain islands 
not tenanted by a single mammal, some of the endemic plants 
have beaiitifully hooked seeds ; yet few relations are more mani- 
fest than that hooks serve for the transportal of seeds in the wool 
or fur of quadrupeds. But a hooked seed might be carried to an 
island by other means; and the plant then becoming inodifiod 
would form an endemic species, still retaining its hooks, which 
would form a useless appendage like the shrivelled wings under 
the soldered wing-covers of many insular beetles. Again, islands 
often possess trees or bushes belonging to orders which elsewhere 
include only herbaceous species ; now trees, as Alph. de Candolle 
has shown, generally have, whatever the cause may be, confined 
ranges. Hence trees would be little likely to reach distant oceanic 
islands ; and an herbaceous plant, which had no chance of suc- 
cessfully competing with the many fully developed trees growing 
or. a continent, might, when estabhshed on an island, gain an 
advantage over other herbaceous plants by growing taller and 
taller and overtopping them. In this case, natural selection would 
tend to add to the stature of the plant, to whatever order it 
belonged, and thus first convert ir into a bush and then into a 
tree. 
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Alsaice of JjatmcJtians a.-ul Terrestrial Zlard'uiah Chi Gceanic 

XsLi/iiiS. 

ITitii lespect so the absence oi Vv'hole orders of ejiinials on 
oceanic islands, Bory St. Vincent lon^^ auo remarked that Eatra- 
ehians (frogs, toads, newts) are never found on any of the many 
islands with wiiich ilie great oceans are studded. I have taken 
Xiaiiis to verify this assertion, and have found it true, with the ex- 
ception of XoAv Zealand, Xew Caledonia, the Aiidaniaii Islands, 
and perhaps the Salomon Islands and the Seychelles. But I Jiave 
already remarked that it is doubtful whether Hew Zealand and 
New' Caledonia ought to be classed as oceanic islands ; and this is 
still more doubtful with respect to the Andaman and Salomon 
groups and the Seychelles. This general absence of frogs, toads, 
anti new'ts on so many true oceanic islands cannot be accounted 
for by their physical conditions : indeed it seems that islands are 
peculiarly fitted for these animals; for frogs have been introduced 
into Madeira, the Azores, and Mauritius, and have multiplied so 
as to become a nuisance. But as these animals and their spawm 
are immediately killed ('with the exception, as far as known, of 
one Indian species) by sea-water, there would be great difficulty 
ill their transportal across the sea, and therefore we can see wdiy 
they do not exist on strictly oceanic islands. But "why, on the 
theory of creation, they should not have been created there, it 
would be very difficult to explain. 

hlaniinals offer another and similar case. I have carefully 
searched the oldest voyages, and have not found a single instance, 
free from doubt, of a terrestrial mammal (excluding domesticated 
animals kexit by the natives) inhabiting an island situated above 
300 miles from a continent or great continental island ; and many 
islands situated at a much less distance are equally barren. The 
Falkland Islands, -which are inhabited by a wolf-like fox, come 
nearest to an exception ; but this group cannot be considered as 
oceanic, as it lies on a bank in connection with the mainlraid at 
the distance of about 280 miles ; moreover, icebergs formerly 
brought boulders to its w'estern shores, and they may have 
formerly transported foxes, as no-^v frequently happens in the 
arctic regions. Yet it cannot be said that small islands will not 
support at least small mammals, for they occur in many parts of 
the w'orld on very small islands, when lying close to a continent ; 
and hardly an island can be named on which our smaller quadru- 
peds have not become naturalised and greatly multiplied. It 
cannot be said, on the ordinary view of creation, that there has 
not been time for the creation of mammals ; many volcanic islands 
are sufficiently ancient, as sho-wn by the stupendous degradation 
which they have suffered, and by their tertiary strata : there has 
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also been time for the production of endemic species belonging to 
oilier classes ; and on continents it is known that new species of 
mammals aiipear and disappear at a quicker rate than other and 
lower animals. Although terrestrial mammals do not occur on 
oceanic islands, aerial mammals do occur on almost every island. 
ISTew Zealand possesses two bats found nowhere else in the world : 
Nforfolk Island, the Yiti Archipelago, the Bonin Islands, the 
Caroline and Marianne Archipelagoes, and ]\Iauriiius, all possess 
their peculiar bats. Why, it may be asked, has the supposed 
creative force produced bats and no other mammals on remote 
islands ? On my view this question can easily be answered ; for 
no terrestrial mammal can be transported across a wide s]3ace of 
sea, but bats can fly across. Bats have been seen wandering by 
day far over the Atlantic Ocean ; and two ISTortli American species 
either regularly or occasionally visit Bermuda, at the distance of 
600 miles irom the mainland. I hear from ]\Ir. Tonies, who lias 
specially studied this family, that many species have enormous 
ranges, and are found on continents and on far distant islands. 
Hence we have onlj" to suppose that such wandering species have 
been modified in their new homes in relation to their new iiosition, 
and we can understand the presence of endemic bats on oceanic 
islands, with the absence of all other terrestrial mammals. 

Another interesting relation exists, namely between the depth 
of the sea separating islands from each other or from th(3 nearest 
continent, and the degree of affinity of their mammalian inhabi- 
tants. Mr. Windsor Earl has made some striking observations 
on this head, since greatly extended by Mr. Wallace’s admirable 
researches, in regard to the great Malay Archipelago, which is 
ti’aversed near Celebes by a space of deep ocean, and this separates 
two widely distinct' mammalian faunas. On either side the 
islands stand on a moderately shallow submarine bank, and these 
islands are inhabited by the same or by closely allied quadrupeds. 
I have not as yet had time to followup this subject in all quarters 
of the world ; but as far as 1 have gone, the relation holds good. 
For instance, Britain is separated by a shallow channel from 
Europe, and the mammals are the same on both sides ; and so it 
is with all the islands near the shores of Australia. The West 
Indian Islands, on the other hand, stand on a deeply submerged 
bank, nearly 1000 fathoms in depth, and here we find American 
forms, but the species and even the genera are quite distinct. As 
the amount of modification which animals of all kinds undergo 
partly depexids on the lapse of time, and as the islands which are 
separated from each other or from tlie mainland by shallow 
channels, are more likely to have been continuously united within 
a recent period than the islands sejmrated by deeper channels, we 
can understand how it is that a relation exists betweer the depth 
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of tlie sea separating two maminalian faunas, and the degree of 
tlieir — a relation wliicli is quite inexplicable on the theory 

ol independent acts of creation. 

The foregoing statements in regard to the inhabitants of oceanic 
islands, —namely, the fewness of the species, with a large propor- 
tion consisting of endemic forms — the members of certain groups, 
but not those of other groups in the same class, having been 
liiodilied — the absence of certain whole orders, as of batracliiaiis 
and of terrestrial mammals, notwithstanding the presence of aerial 
bats, — the singular proi^ortions of certain orders of x>laiits, — her- 
baceous forms having been developed into trees, &e., — seem to me 
to accord better with the belief in the eiiiciency of occasional 
means of transport, carried on dmiiig a long course of time, than 
with the belief in the former connection of all oceanic islands 
witli the nearest continent ; for on this latter view it is probable 
that the various classes would have immigrated more uniformly, 
and from the species having entered in a body their mutual rela- 
tions would not have been much disturbed, and consequently they 
would either have not been modified, or all the species in a more 
equable manner. 

I do not deny that there are many and serious dilficulties in 
understanding how many of the inhabitants of the more remote 
islands, whothor still retaining the same specific form or subso- 
qiiently modified, have reached their present homes. But the 
probability of other islands having once existed as lialting-j)laces, 
of which not a wreck now remains, must not be overlooked, j 
will specify one difficult case. Almost all oceanic islands, even 
the most isolated and smallest, are inhabited by land-shells, 
generally by endemic species, but sometimes by species found 
elsewhere, — striking instances of which have been given by Dr. A. 
A. Gould in relation to the Pacific. Now it is notorious that 
land-shells are easily killed by sea-water; their eggs, at least such 
as I have tried, sink in it and are killed. Yet there must be some 
unknown, but occasionally efficient means for their transportal. 
Would the just-hatchod young sometimes adhere to the feet of 
birds roosting on the ground, and thus get transported ? It 
occurred to me that land-shells, when hybernating and having a 
membranous diaphragm over the mouth of the shell, might be 
fioaied in chinks of drifted timber across moderately wfide arms 
of the sea. And I find that several species in this state withstand 
uninjured an immersion in sea-water during seven days : one 
shell, the Helix pomatia, after having been thus treated and again 
hybernating was put into sea-water for twenty days, and perfectly 
recovered. During this length of time the shell might have been 
^rried by a marine current of average swiftness, to a distance of 
660 geographical miles. As this Helix has a thick calcareous 
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operculum, I removed it, and when it had formed a new mem- 
branous one, I again immersed it for fourteen days in sea- water, 
and again it recovered and crawled away. Baron Aiicapitaine 
has since tried similar experiments : he placed 100 land-shells, 
belonging to ten species, in a box pierced with holes, and immersed 
it for a fortnight in the sea. Out of the hundred shells, twenty- 
seven recovered. The presence of an operculum seems to have 
been of importance, as out of twelve specimens of Cyelostoma 
elegans, which is thus furnished, eleven revived. It is remark- 
able, seeing how well the Helix pomatia resisted with me the 
salt-water, that not one of fifty-four specimens belonging to four 
other species of Helix tried by Aucapitaino, recovered. It is, 
however, not at all probable that land-shells have often been thus 
transported ; the feet of birds offer a more probal ile method. 

0?i the Melatiom of the Inhahitmits of Islands to those of the 
nearest Mainland. 

The most striking and important fact for us is the affinity of 
the species which inhabit islands to those of the nearest mainland, 
without being actually the same. Numerous instances could be 
given. The Galapagos Archipelago, situated under the equator, 
lies at the distance of between 500 and 600 miles from the shores 
of South America. Here almost every product of the land and of 
the water bears the unmistakable stamp of the American con- 
tinent. There are twenty-six land-birds ; of these, twenty-one, or 
perhaps twenty-three, are ranked as distinct species, and would 
commonly be assumed to have been here created; yet the close 
affinity of most of these birds to American species is manifest in 
evexy character, in their habits, gestures, and tones of voice. So 
it is with the other animals, and with a large proportion of tlie 
plants, as shown by Dr. Hooker in his admirable Flora of this 
archipelago. The naturalist, looking at the inhabitants of tliese 
volcanic islands in the Pacific, distant several hundred miles from 
the continent, feels that he is standing on American land. Why 
should this be so ? why should the species which are supposed to 
have been created in the Galapagos Archipelago, and nowhere 
else, bear so plainly the stamp of affinity to those created in 
America? There is nothing in the conditions of life, in the 
geological nature of the islands, in their height or climate, or 
in the proportions in which the several classes are associated 
together, which closely resembles the conditions of the South 
American coast ; in fact, there is a considerable dissimilarity in 
all these respects. On the other hand, there is a considerable 
degree of resemblance in the volcanic nature of the soil, in the 
climate, height, and size of the islands, between the Galapagos 
and Cape Verde Archipelagoes; but what an entire and absolute 
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cliiicrence in tlieir inhabitants! The inhabitants of the Capa 
Yerde Islands are related to those of Africa, like those of ilie 
Galapagos to America. Facts such as these, admit of no sort of 
explanation on the ordinary view of independent creation; 
whereas on the view here maintained, it is obvious that the 
Galapagos Islands would be likely to receive colonists from 
America, whether by occasional means of transport or (though 
I do not believe in this doctrine) by formerly continuous land, 
and the Cape Verde Islands from Africa; such colonists would 
be liable to modification, — the principle of inheritance still 
betraying their original hirthpjlace. 

iVIany analogous facts could be given: indeed it is an almost 
universal rule that the endemic productions of islands are related 
to those of the nearest continent, or of the nearest largo island. 
The exceptions are few, and most of them can be explained. 
Tims although Ivergueien Land stands nearer to Africa than to 
America, the plants are related, and that very closely, as we know 
from Dr. Hooker’s account, to those of America : but on the view 
that this island has been mainly stocked by seeds brought with 
earth and stones on icebergs, ddfted by the prevailing currents, 
this anomaly disappears. New Zealand in its endemic planes is 
much more closely related to Australia, the nearest mainland, 
than to any other region: and this is what might have been 
expected ; but it is also plainly related to South America, which, 
although the next nearest continent, is so enormously remote, 
that the fact becomes an anomaly. But this difficulty partially 
disappears on the view that New Zealand, South America, and 
the other southern lands have been stocked in part from a nearly 
intermediate though distant point, namely from the antarctic 
islands, when they were clothed with vegetation, during a warmer 
tertiary ]>eriod, before the commencement of the last Glacial 
lieriod. The affinity, which though feeble, I am assured by 
Dr. Hooker is real, boUveen the flora of the south-western corner 
of Australia and of the Cape of Good Hope, is a far more 
remarkable case ; but this affinity is confined to the plants, and 
will, no doubt, some day be explained. 

The same law which has determined the relationship between 
the inhabitants of islands and the nearest mainland, is sometimes 
displayed on a small scale, but in a most interesting manner, 
%vithin the limits of the same archipelago. Thus each separate 
island of the Galapagos Archipelago is tenanted, and the fact is a 
marvellous one, by many distinct species ; but these species are 
related to each other in a very much closer manner than to the 
inhabitants of the American continent, or of any other quarter of 
the world. This is what might have been expected, for islands 
sitnatod SQ noar fo each other would almost necessarily receive 
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immigrants from tlie same original source, and from each other. 
But how is it that many of the mimigrants have been dilfereiitly 
modified, though only in a small degree, in islands situated 
within sight of each other, having the same geological nature, the 
same height, climate, Ac, ? This long appeared to mo a great 
difficulty : but it arises in chief part from the deeply-seated error 
of considering the physical conditions of a country as the most 
important ; whereas it cannot he disputed that the nature of the 
other species with which each has to compete, is at least as 
important, and generally a far more important element of success, 
Now if we look to the species which inhabit the Galapagos 
Archipelago, and are likewise found in other partvS of the world, 
we find that they differ considerably in the severed islands. This 
difference might indeed have been expected if the islands have 
been stocked by occasional means of transport — a seed, for 
instance, of one plant ha^ung been brought to one island, and 
that of another ydant to another island, though all proceeding 
from the same general source. Hence, when in former times an 
immigrant first settled on one of the islands, or vv'hen it sulise- 
quontly spread from one to another, it would undoubtedly bo 
exposed to different conditions in the different islands, for it 
would have to compete with a different set of organisms ; a plant, 
for instance, would find the ground best fitted for it occupied ]}y 
somewhat different species in the different islands, and would ho 
exposed to the attacks of somewhat different enemies. If then it 
varied, natural selection would probably favour different varieties 
in the different islands. Some species, however, might ‘spread 
and yet retain the same character throughout the group, just as 
we see some species spreading widely throughout a continent and 
remaining the same. 

The really surprising fact in this case of the Galapagos Archi- 
pelago, and in a lesser degree in some analogous cases, is that 
each new species after being formed in any one island, did not 
spread quickly to the other islands. But the islands, though in 
sight of each other, are separated by deep arms of the sea, in 
most cases wider than the British Channel, and there is no 
reason to suppose that they have at any former period been 
continuously united. The currents of the sea are rapid and 
sweep between the islands, and gales of wind are extraordinarily 
rare ; so that the islands are far more effectually separated from 
each other than they appear on a map. Nevertheless some of the 
species, both of those found in other parts of the vrorld and of 
those confined to the archipelago, are common to the several 
islands; and we may infer from their present manner of dis- 
tribution, that they have spread from one island to the others. 
But we often take^ I think, an erroneous view of the probability 
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Oi closelj-alliGd specks invading each other’s territory, when put 
into free iiitGrcoiiiiniinication. Undoubtedly, if one species lias 
any advanta,£,o over another, it vrill m a very brief tiiiio vrhoily or 
ill part siip]')lant it; but if both are equally well fitted for their 
own jilacos, both will probably hold their separate places for 
almost any length of time. Being familiar with the fact that 
many species, naturalised through man’s agency, have spread 
with astonishing rapidity over wide areas, wo are apt to infer 
that most species would thus spread; but we should remember 
that the species which bscome naturalised in new countries are 
not gencraliy closely allied to the aboriginal inhabitants, but are 
very distinct forms, belonging in a large propiortion of cases, as 
shown by Alph. de Oandolie, to distinct genera. In the Galapagos 
Archipelago, many even of the birds, though so well adai)tod for 
flying from island to island, dilTer on the diiTerent islands ; thus 
there are three closely-allied species of mocking-thrush, eacli 
conQnod to its own island. Now let iis suppose the mocking- 
thrush of Chatham Island to be blown to Charles Island, which 
has its own mocking-thrush; why should it succeed in eslahilisit- 
ing itself ihero? \Ye may safely infer that Charles Island is 
well stocked wdth its owm species, for annually more eggs are laid 
and young birds hatched, than cam possibly be reared; and 'vve 
may infer that the mocking-thrush peculiar to Charles Island is 
at least as well fitted for its home as is the species peculiar to 
Chatham Island. Sir C. Lyoll and Mr. Wollaston have com- 
municated to me a remarkable fact bearing on this subject; 
namely, that hladeira and the adjoining islet of Porto Santo 
possess many distinct but representative species of land-shells, 
some of which live in crevices of stone; and although large 
quantities of stone are annually transported from Porto Santo to 
IMadeira, yet this latter island has not become colouised by the 
Porto Santo species; nevertheless both islands have been colo- 
nised by Eurofiean land-shells, which no doubt had some advantage 
over the indigenous species. Prom these conshlerations I think 
wo need not greatly marvel at the endemic species which inhabit 
the several islands of the Galapagos Archipelago, not having all 
spread from island to island. On the same continent, also, pre- 
occupation has i)robably played an important part in checking 
the commingling of the species which inliabit different districts 
with nearly the same physical conditions. Thus, the south-east 
and south-west corners of Australia have nearly the same physical 
conditions, and are united by continuous land, yet they are 
inhabited by a vast number of distinct mammals, birds, and 
plants ; so it is, according to Mr. Bates, with the butterflies and 
other animals inhabiting the great, open, and continuous valley 
of the Amazons. 



836 EELATIONS OF THE INHABITAKTS OF [Chaf. XIIL 

The same principle which governs the general character of the 
inhabitants of oceanic islands, namely, the relation to the source 
whence colonists could have been most easily derived, together with 
their subsequent modification, is of the widest application through- 
out nature. We see this on every mountain -summit, in every lake 
and marsh. For Alpine species, excepting in as far as the same 
species have become widely spread during the Glacial epoch, are 
related to those of the siuToimcling lowlands; thus we have in 
South America, AJpine humming-birds, Alpine rodents, Alpine 
plants, &c., all strictly belonging to American forms ; and it is 
obvious that a mountain, as it became slowly upheaved, would be 
colonised from the surrounding lowlands. So it is ■with the inlial^i- 
tauts of lakes and marshes, excepting in so far as great facility of 
transport has allowed the same forms to prevail throughout largo 
portions of the world. see this same principle in the character 

of most of the blind animals inhabiting the caves of ikinerica and 
of Europe. Other analogous facts could be given. It will, I 
believe, be found universally true, that wherever in two regions, 
lot them bo ever so distant, many closely allied or representative 
species occur, there -will likewise bo found some identical s]>ecics ; 
and wherever many closely-allied species occur, there will be found 
many forms which some naturalists rank as distinct species, and 
others as mere varieties; these doubtful forms shovving us the 
steps in the progress of modification. 

The relation between the power and extent of migration in 
certain species, either at the present or at some former period, 
and the existence at remote points of the world of closely-allied 
species, is shown in another and more general way. Mr. Gould 
remarked to me long ago, that in those genera of birds which 
range over the world, many of the species have very wide ranges. 
I can hardly doubt that this rale is generally true, though difficult 
of proof. Amongst mammals, we see it strikingly displayed in 
Bats, and in a lesser degree in the FelidjB and Canidse. W o see 
the same rule in the distribution of butterflies and beetles. So it 
is with most of the inhabitants of fresh water, for many of the 
genera in the most distinct classes range over the world, and 
many of the species have enormous ranges. It is not meant that 
all, but that some of the species have very wide ranges in the 
genera which range very widely. FTor is it meant that the species 
in such genera have on an average a very wide range; for this will 
largely depend on how far the process of modification has gone *, 
for instance, two varieties of the same species inhabit America 
and Europe, and thus the species has an immense range ; but, if 
variation were to be carried a little further, the two varieties 
would be ranked as distinct species, and their range %voiild be 
greatly reduced. Still less is it meant, that species" which have 
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tlie capacity of crossing barriers and ranging 'widelj'-, as in tbe case 
of certain powcrfullj^-AVingcd birds, -will necessarily range widely ; 
for we sliould never forget tliat to range widely implies not only 
tile power of crossing barriers, but tbe more important power of 
being victorious in distant lands in tbe struggle for life witli 
foreign associates. But according to tbe view that all tlie species 
of a genus, tboiigli distributed to tbe most remote points of the 
world, are descended from a single jirogenitor, we ought to find, 
and I believe as a general rule wo do find, that some at least of the 
species range very widely. 

We should bear in mind that many genera in all classes are of 
ancient origin, and the species in this case will have had ample 
time for dispersal and subsequent modification. There is also 
reason to believe from geological evidence, that within each great 
class the lower organisms change at a slower rate than the higher; 
consequently they will have had a better chance of ranging widely 
and of still retaining the same specific character. This fact, to- 
gether with that of the seeds and eggs of most lowly organised 
forms being very minute and better fitted for distant .transportal, 
probably accounts for a law ■which has long been observed, and 
which has lately been discussed by Alph. de Candolle in regard to 
plants, namely, that the lower any group of organisms stands the 
more widely it ranges. 

The relations just discussed, — namely, lo'wer organisms ranging 
more widely than the higher, — some of the species of widely- 
ranging genera themselves ranging "widely, — such facts, as alpine, 
lacustrine, and marsh productions being generally related to those 
which live on the surrounding low lands and dry lands, — the 
striking relationship between the inhabitants of islands and those 
of the nearest mainland — the still closer relationship of the dis- 
tinct inliabitants of the islands in the same archipelago — are 
inexplicable on the ordinaiy view of the independent creation of 
each species, but are explicable if we admit colonisation from the 
nearest or readiest source, together -with the subsequent adaptation 
of the colonists to their new homes. 

Summary of the last and present Chapters, 

In these chapters I have endeavoured to show, that if we make 
due allowance for our ignorance of the Ml effects of changes of 
climate and of the level of the land, which have certainly occurred 
within the recent period, and of other changes which have probably 
occurred, — if we remember how ignorant we are with respect to 
the many curious means of occasional transport, — if we bear in 
mind, and this is a very important consideration, how often a 
species may have ranged continuously over a wide area, and then 
iiave become extinct in the intermediate tracts,— the difficulty is 
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not insuperable in believing that all the individuals of the same 
species, wherever found, are descended from common parents. 
And we are led to this conclusion, which has been arrived at by 
many naturalists under the designation of single centres of crea 
tion, by various general considerations, more especially from the 
importance of barriers of all kinds, and from the analogical distri- 
bution of sub-genera, genera, and families. 

I With respect to distinct species belonging to the same genus, 
which on our theory have spread from one parent-source ; if we 
make the same allowances as before for our ignorance, and remem- 
ber that some forms of life have changed very slowly, enormous 
periods of time having been thus granted for their migration, 
the difficulties are far from insuperable ; though in this case, as 
in that of the individuals of the same species, they are often 
great. 

As exemplifying the effects of climatal changes on distribution, 
I have attempted to show how important a part the last Glacial 
period has played, which affected even the equatorial regions, and 
■which, during the alternations of the cold in the north and south, 
allowed the loroductions of opposite hemisplieras to mingle, and 
left some of them stranded on the mountain-summits in all parts 
of the world. As showing how diversified are the means of occa- 
sional transport, I have discussed at some little length the means 
of dispersal of fresh- water i:)roductions. 

If the difficulties be not insuperable in admitting that in the 
long course of time all the individuals of the same species, and 
likewise of the several species belonging to the same genus, have 
proceeded from some one source ; then all the grand leading facts 
of geograiffiical distribution are explicable on the theory of migra- 
tion, together with subsequent modification and the multiplication 
of new forms. We can thus understand the high importance of 
barriers, whether of land or water, in not only separating, but in 
apparently forming the several zoological and botanical provinces. 
We can thus understand the concentration of related species 
within the same areas; and how it is that under different latitudes, 
for instance in South America, the inhabitants of the plains and 
mountains, of the forests, marshes, and deserts, are linked together 
in so mysterious a manner, and are likewise linked to the extinct 
beings which formerly inhabited the same continent. Bearing in, 
mind that the mutual relation of organism to organism is of the 
highest importance, we can see why two areas having nearly the 
same physical conditions should often be inhabited by very dif- 
ferent forms of life ; for according to the length of time which has 
elapsed since the colonists entered one of the regions, or both; 
according to the nature of the communication which allowed 
efe^rtain forms and not others to enter, either in greater or lesser 
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nnmbors ; according or not, as those vdiich entered happened to 
come into more or less direct competition vritli each other and 
with the aborigines ; and according as the immigrants \\ ere capable 
of vaiyiiig more or less rapidly, there would ensue in the two or 
more regions, independently of their X3hysical conditions, infinitely 
diversified conditions of life, — there would be an almost endless 
amount of organic action and reaction, — and we should find some 
groups of beings greatly, and some only slightly modified, — some 
developed in great force, some existing in scanty numbers — and 
this we do find in the several great geographical provinces of the 
w'orkL 

On these same princixoles we can understand, as I have en- 
deavoured to show, why oceanic islands should have few inhabi- 
tants, but that of these, a largo j^ropiortion should be endemic or 
peculiar ; and why, in relation to the means of migration, one group 
of beings should have all its species peculiar, and another group, 
even within the same class, should have all its species the same 
with those in an adjoining quarter of the world. We can see why 
wdiole groups of organisms, as batracliians and terrestrial mammals, 
should be absent from oceanic islands, w’hilst the most isolated 
islands should possess their own j^eculiar species of alhial mammals 
or bats. Wo can see why, in islands, there should be some rela- 
tion Iietween the preseiico of mammals, in a more or less modified 
condition, and the dex)tli of the sea between such islands and the 
mainland. We can clearly see why all the inhabitants of an archi- 
Ijelago, though specifically distinct on the several islets, should be 
closely related to each other ; and should likewise be related, but 
less closely, to those of the nearest continent, or other source 
whence immigrants might have been derived. We can see why, 
if there exist very closely allied or representative species in two 
areas, however distant from each other, some identical species will 
almost always there be found. 

As the late E<lward Forbes often insisted, there is a strildng 
parallelism in the laws of life throughout time and siiace; the 
laws governing the succession of forms in past times being nearly 
the same with those governing at the present time the differences 
in different areas. We see this in many facts. The endurance of 
each species and grouj) of species is continuous in time ; for the 
apparent exceptions to the rule are so few, that they may fairly be 
attributed to our not having as yet discovered in an intermediate 
deposit certain forms which are absent in it, but which occur both 
above and below : so in space, it certainly is the general rule that 
the area inhabited by a single species, or by a group of species, is 
continuous, and the exceptions, which are not rare, may, as I have 
attempted to show, bo accounted for by former migrations under 
different circumstances, or through occasional means of transport. 
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or by tbe species having become extinct in the intermediate tracts. 
Both in time and space species and groups of species have their 
points of maximum development. Groups of species, living during 
the same period of time, or living within the same area, are often 
characterised by trifling features in common, as of sculpture or 
colour. In looking to the long succession of past ages, as in looking 
to distant provinces throughout the world, we And that species 
in certain classes differ little from each other, whilst those in 
another class, or only in a different section of the same order, differ 
greatly from each other. In both time and space the lowly organised 
memhers of each class generally change less than the highly 
organised ; but there are in both cases marked exceptions to the 
rule. According to our theory, these several relations throughout 
time and space are intelligible ; for whether wo look to the allied 
forms of life which have changed during successive ages, or to 
those which have changed after having migrated into distant 
quarters, in both cases they are connected by the same bond of 
ordinary generation ; in both cases the laws of variation have been 
the same, and modifications have been accumulated by the same 
means of natural selection. 


CHAPTER XIY. 

Mutual Affinities of Organic Beings : MoEPnoLoar : 

Embeyology: Rudimentaey Oegans, 

Classipicatiox, groups subordinate^ to groups — Natural system — Paxles and 
difficulties in classification, explained on the theory of descent with modifi- 
cation — Glassification of varieties — Descent always used m clasbification — 
Analogical or adaptive characters— -Affinities, general, complex, and 
radiating — ^Extinction separates and defines groups — Morphology, be- 
tween members of the same class, between parts of the same individual — 
Embryology, laws of, explained by variations not supervening at an early 
age, and being inherited at a corresponding age — EuMMENTAiiY organs ; 
their origin explained — Summary. 

Classification* 

pEOM the most remote period in the history of the world organic 
beingshavebeenfound to resemble each other in descending degrees, 
so that they can be classed in groups under groups. This classi- 
fication is not arbitrary like the grouping of the stars in constel- 
lations. The existence of groups -would have been of simple 
significance, if one group had been exclusively fitted to inhabit 
the land, and another the water ; one to feed on fiesli, another on 
vegettd)Ie matter, and so on; but the case is widely different, for 
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it is iiotorions liow commonly members of even the same siib- 
^Toiip liave diliereiit habits. In the second and fourth chapters, 
on Variation and on Natural Selection, I have attempted to show 
that vi thill each country it is the widely ranging, the much 
diffused and common, that is the dominant species, belonging to 
the larger genera in each class, which vary most. The varieties, 
or incipient s^^ecics, thus ijroduced, ultimately become converted 
into new and distinct species ; and these, on the x^rinciple of 
inheritance, tend to produce other new and dominant species. 
Consecpicntly the groups which are now large, and which generally 
include many dominant species, tend to go on increasing in size. 
J further attempted to show that from the varying descendants of 
cadi species trying to occupy as many and as dilferent places as 
possible in the economy of nature, they constantly tend to diverge 
in character. This latter conclusion is supported by observing 
the great diversity of forms which, in any small area, come into 
the closest competition, and by certain facts in naturalisation. 

I attempted also to show that there is a steady tendency in the 
forms which are increasing in number and diverging in character, 
to supplant and exterminate the preceding, less divergent and less 
improved forms. I request the reader to turn to the diagram 
illustrating the action, as formerly explained, of these several 
principles ; and he will see that the inevitable result is, that the 
modified descendants proceeding from one progenitor become 
broken up into groups subordinate to groups. In the diagram 
each letter on the uppermost line may represent a genus including 
several species ; and the whole of the genera along this upper line 
form together one class, for all are descended from one ancient 
parent, and, consequently, have inherited something in common. 
But the three genera on the left hand have, on this same X)rmciple, 
much in common, and form a sub-family, distinct from that con- 
taining the next two genera on the right hand, which diverged 
from a common parent at the fifth stage of descent. These five 
genera have also much in common, though less than when grouped 
in sub-families ; and they form a family distinct from that con- 
taining the three genera still farther to the right hand, which 
diverged at an earlier period. And all these genera, descended 
from (A), form an order distinct from the genera descended from 
(I). Bo that we here have many species descended from a single 
progenitor grou])ed into genera ; and the genera into sub-families, 
families, and orders, all under one great class. The grand fact of 
the natural subordination of organic beings in groups under 
groups, which, from its familiarity, does not always sufficiently 
strike us, is in my jud^ent thus explained. No doubt organic 
beings, like all other objects, can be classed in many ways, either 
artificially by single characters, or more naturally by a number of 
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characters. We kno%v, for instance, that minerals and the 
elemental substances can be thus arranged. In this ease there 
is of course no relation to genealogical succession, and no cause 
can at present be assigned for their falling into groups. But with 
organic beings the case is different, and the view above given 
accords with their natural arrangement in group under group ; 
and no other explanation has ever been attempted. 

Naturalists, as we have seen, try to arrange the species, genera, 
and families in each class, on what is called the Natural System. 
But what is meant by this system? Some authors look at it 
merely as a scheme for arranging together those living objects 
which are most alike, and for separating those which are most 
unlike ; or as an artificial method of enunciating, as briehy as 
possible, general propositions, — that is, by one sentence to give 
the characters common, for instance, to all mammals, by another 
those common to all carnivora, by another those common to the 
dog-genus, and then, by adding a single sentence, a full descrip- 
tion is given of each kind of dog. The ingenuity and utility of 
this system are indisputable. But many naturalists think that 
something more is meant })y the Natural System ; they believe 
that it reveals the plan of the Creator ; but unless it bo specified 
whether order in time or space, or both, or what else is meant by 
the plan of the Creator, it seems to me that nothing is thus added 
to our knowledge. Expressions such as that famous one by 
Linnaeus, which we often meet with in a more or less concealed 
form, namely, that the characters do not make the genus, but that 
the genus gives the characters, seem to imply that some deeper 
bond is included in our classifications than mere resemblance. I 
believe that this is the case, and that community of descent — the 
one kno%vii cause of close similarity in organic beings— is the bond, 
which though observed by various degrees of modification, is 
partially revealed to us by our classifications. 

Let us now consider the rules followed in classification, and the 
difficulties which are encountered on the view that classification 
either gives some unknown plan of creation, or is simply a scheme 
for enunciating general propositions and of placing together the 
forms most like each other. It might have been tlioiight (and 
was in ancient times thought) that those parts of the structure 
which determined the habits of life, and the general place of each 
being in the economy of nature, would be of very high importance 
in classification. Nothing can be more false. No one regards the 
external similarity of a mouse to a shrew, of a clugong to a whale, 
of a whale to a fish, as of any importance. These resemblances, 
though so intimately connected with the whole life of the being, 
are ranked as merely “adaptive or analogical characters ; ” but to 
the consideration of these resemblances we shall recur. It may 
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even be given as a general rule, tiiat Oie less any part of tlis 
organisation is concerned witii special habits, the more important 
it becomes for classification. As an instance : Owen, in speaking 
of tiio diigoiig, says, “Tlie generative organs, being those viiieli 
are most remotely related to the habits and food of an animal, I 
have always regarded as affording very clear indications of its true 
atliiiities. ’\\''e arc least likely in the modifications of these organs 
to mistake a merely adaptive for an essential character.” With 
plants how remarkable it is that the organs of vegetation, on 
which their nutrition and life depend, are of little signification ; 
whereas the org-ans of reproduction, with tlieir product the 
seed and embryo, are of paramount importance ! So again in 
formerly discussing certain morphological characters which are 
not functionally important, we have seen that they are often 
of the highest service in classification. This depends on their 
constancy throughout many allied groups ; and their constancy 
chiefly depends on any slight deviations not having been preserved 
and accumulated by natural selection, which acts only on service- 
able characters. 

That the mere physiological importance of an organ does not 
determine its classificatory value, is almost proved by the fact, 
that in allied groups, in which the same organ, as we have every 
reason to suppose, has nearly the same physiological value, its 
classificatory value is vudely different. No naturalist can have 
worked long at any group mthout being struck with this fact ; 
and it has been fully acknowledged in tlie writings of almost 
every author. It will suffice to quote the highest authority, 
Bobert Brown, who, in speaking of certain organs in the Pro- 
teacete, says their generic importance, ‘Tike that of all their parts, 
not only in this, but, as I apprehend, in every natural family, is 
very unequal, and in some cases seems to be entirely 
Again, in another work he says, the genera of the Connaraceie 
“ differ in having one or more ovaria, in the existence or absence 
of allmmen, in the imbricate or valvular aestivation. Any one of 
these characters singly is frequently of more than generic import- 
ance, though here even wffien all taken together they appear 
insufficient to separate Cnestis from Gonnarus.” To give an 
example amongst insects : in one great division of the Hymen- 
optera, the antennae, as Westwood has remarked, are most 
constant in structure ; in another division they differ much, and 
the differences are of quite subordinate value in classification ; 
yet no one •will say that the antennae in these two divisions of 
the same order are of unequal physiological importance. Any 
number of instances could be given of the varying importance for 
classification of the same important organ within the same group 
of beings. 
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Again, no one will say tiiat rudimentary or atrophied organs are 
of Mgli physiological or vital importance ; 3^et, undoubtedly, 
organs in this condition are often of much value in classification. 
No one will dispute that the rudimentary teeth in the upper jaws 
of young ruminants, and certain rudimentary bones of the leg, are 
highly serviceable in exhibiting the close affinity betw’-een rumi- 
nants and pachyderms. Ilobert Brown has strongly insisted on 
the fact that the position of the rudimentary florets is of the 
highest importance in the classification of the grasses. 

Numerous instances could be given of characters derived from 
parts which must be considered of very trifling physiological 
importance, but which are universally admitted as highly service- 
able in the definition of whole groups. For instance, whether or 
not there is an open passage from the nostrils to the mouth, the 
only character, according to Owen, wliich absolutely distinguishes 
fishes and reptiles — the inflection of the angle of the lower jaw in 
Marsupials — the manner in which the wings of insects are folded 
— mere colour in certain Algm — mere pubescence on parts of the 
flower in grasses — the nature of the dermal covering, as hair or 
feathers, in the Vertebrata. If the Ornithorhjmchus had been 
covered with feathers instead of hair, this external and trifling 
character would have been considered by naturalists as an im- 
portant aid in determining the degree of affinity of this strange 
creature to birds. 

The importance, for classification, of trifling characters, mainly 
depends on their being correlated with many other characters of 
more or less importance. The value indeed of an aggregate of 
characters is very evident in natural history. Hence, as has often 
been remarked, a species may depart from its allies in several 
characters, both of high physiological importance, and of almost 
universal prevalence, and yet leave us in no doubt where it should 
be ranked. Hence, also, it has been found that a classification 
founded on any single character, however important that may be, 
has always failed ; for no part of the organisation is invariably 
constant. The importance of an aggregate of characters, even 
when none are important, alone explains the aphorism enunciated 
by Linnaeus, namely, that the characters do not give the genus, 
but the genus gives the characters ; for this seems founded on the 
appreciation of many trifling points of resemblance, too slight to 
be defined. Certain plants, belonging to the Malpighiaceae, bear 
perfect and degraded flowers ; in the latter, as A. de Jussieu has 
remarked, “ the greater number of the characters proper to the 
species, to the genus, to the family, to the class, disappear, and 
thus laugh at our classification.^^ Wlien Aspicarpa produced in 
France, during several years, only these degraded flowers, depart- 
ing so wonderfully in a nnmbor of the most important points of 
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structure from tLe proper type of tlie order, yet M. Rieliard 
sagaciously sav/, as Jussieu observes, tliat this g'eims slioiilcl still 
]je retained amongst tbe IMalpigliiacem. Tins case v/eii illustrates 
tlie spirit of our classifications. 

Practically, when naturalists are at work, they do not trouble 
iliomselves about the iihysiological value of the characters which 
they use in defining a group or in allocating any particular species. 
If they find a character nearly uniform, and common to a great 
number of forms, and not common to others, they use it as one of 
high value ; if common to some lesser number, they use it as of 
subordinate value. This principle has been broadly confessed by 
some naturalists to be the true one ; and by none more clearly 
than by that excellent botanist, Aug. St. Hilaire. If several 
trifling characters are always found in combination, though no 
apparent bond of connection can be discovered between them, 
especial value is set on them. As in most groups of animals, 
important organs, such as those for i)ropelling the blood, or for 
aerating it, or those for propagating the race, are found nearly 
uniform, they are considered as highly serviceable in classification ; 
but in some groups all these, the most important vital organs, are 
found to offer characters of quite subordinate value. Thus, as 
Fritz Muller has lately remarked, in the same group of crustaceans, 
Cypricliiia is furnished with a heart, whilst in too closely allied 
genera, namely Cypi'is and Cytherea, there is no such organ ; one 
species of Cypridina has well -developed branchiae, whilst another 
species is destitute of them. 

We can see why characters derived from the embr^'O should be 
of equal importance with those derived from the adult, for a 
natural classification of course includes all ages. But it is by no 
means obvious, on the ordinary view, why the structure of the 
embryo should be more important for this purpose than that of 
the adult, which alone plays its full part in the economy of nature. 
Yet it has been strongly urged by those great naturalists, Milne 
Edwards and Agassiz, that embryoiogical characters are the most 
important of all ; and this doctrine has very generally been 
admitted as true. Nevertheless, their importance has sometimes 
been exaggerated, owing to the adaptive characters of larvse not 
having been excluded ; in order to show this, Fritz Muller 
arranged by the aid of such characters alone the great class of 
crustaceans, and the arrangement did not prove a natural one. 
But there can be no doubt that embryonic, excluding larval 
characters, are of the highest value for classification, not only 
with animals but with plants. Thus the main divisions of flower- 
ing plants are founded on differences in the embryo, — on the 
number and position of the cotyledons, and on the mode of 
development of the plumule and radicle. We shall immediately 
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see wliy these characters possess so high a value in classificatioiij 
namely, from the natural system being genealogical in its arrange- 
ment. 

Our classifications are often plainly influenced by chains of 
affinities. Kothing can be easier than to define a number of 
characters common to ail birds ; but with crustaceansj any such 
definition has hitherto been found impossible. There are crusta- 
ceans at the opposite ends of the series, which have hardly a 
character in common ; yet the species at both ends, from being 
plainly allied to others, and these to others, and so onwards, can 
be recognised as unequivocally belonging to this, and to no other 
class of the Articulata. 

Geographical distribution has often been used, though perhaps 
not quite logically, in classification, more especially in very large 
groups of closely allied forms. Temminck insists on the utility 
or even necessity of this practice in certain groups of birds ; and 
it has been followed by several entomologists and botanists. 

Finally, with respect to the comparative ^'aliie of the various 
groups of species, such as orders, sub-oiders, families, sub-families, 
and genera, they seem to be, at least at present, almost arbitrary. 
Several of the best botanists, such as Mr. Bentliam and others, 
have strongly insisted on their arbitrary value. Instances could 
bo given amongst plants and insects, of a group first ranked by 
practised naturalists as only a genus, and then raised to the rank 
of a sub-family or family ; and this has been done, not because 
further research has detected imi)ortant structural difTcreuces, 
at first overlooked, but because numerous allied species with 
slightly dififerent grades of difference, have been subsequently 
discovered. 

AU the foregoing rules and aids and difficulties in classification 
may be explained, if I do not greatly deceive myself, on the view 
that the Natural System is founded on descent with modification ; 
— that the characters which naturalists consider as showing true 
affinity between any two or more species, are those which have 
been inherited from a common parent, all true classification being 
genealogical ,* — ^tliat community of descent is the hidden bond 
■which naturalists have been unconsciously seeking, and not 
some unknown plan of creation, or the enunciation of general 
propositions, and the mere putting together and separating objects 
more or less alike. 

But I must explain my meaning more fully. I believe that the 
arrangemmt of the groups within each class, in due subordination 
and relation to each other, must be strictly genealogical in order 
to be natural; but that the amount of difference in the several 
branches or groups, though allied in the same degree in blood to 
their common progenitor, may differ greatly, being due to the 
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difierent degrees of modification they liave iindergoiiG ; and 
this is ex] tressed by the forms being ranked under diflereiii generUj 
families, sections, or orders. The reader Mrili best understand 
wliat is meant, if lie will take the trouble to refer to the diagram 
in the fourth chai:ster. We will suppose the letters A to L to 
represent allied genera existing during the Silurian epoch, and 
descended from some slill earlier form. In three of these genera 
(A, F, and I), a sieecies has transmitte<l modilied descendants to 
the present day, represented by the fifteen genera to on 
tlic uppermost Iiorizontal line. Now all those modified descendants 
from a single species, are related in blood or descent in the same 
degree; they may metaphorically be called cousins to the same 
milliontli degree ; 3"et they differ mdcly and in different degrees 
from each other. The forms descended from A, now broken up 
into two or three families, constitute a distinct order from those 
descended from I, also broken up into two families. Nor can the 
existing species, descended from A, be ranked in the same genus 
with the parent A ; or those from I, vrith the parent I. But the 
existing genus may be supposed to have been but slightly 
modified; and it vnll then rank with the jiarent-genus F; just as 
some few still living organisms belong to Silurian genera. So 
that the comparative value of the differences between these 
organic beings, which are all related to each other in the same 
degree in blood, has come to he wndely different. Nevertheless 
their genealogical arrangeme/it remains strictly true, not only at 
the present time, but at each successive period of descent. All 
the modified descendants from A will have inherited something 
in common from their common parent, as will all the descendants 
from I ; so will it be with each subordinate branch of descendants, 
at each successive stage. If, however, we sui)pose any descendant 
of A, or of I, to have become so much modified as to have lost all 
traces of its i)areiitage, in this case, its x>lace in the natural system 
will be lost, as seems to have occurred with some few existing 
organisms. All the descendants of the genus F, along its whole 
line of descent, are supx>osed to have been but little modified, and 
they form a single genus. But this genus, though much isolated, 
will still occupy its proper intermediate position. The representa- 
tion of the groups, as here given in the diagram on a flat surface, 
is much too simple. The branches ought to have diverged in all 
directions. If the names of the groups had been simply written 
dowm in a linear series, the representation would have been still 
less natural ; and it is notoriously not possible to represent in a 
series, on a flat surface, the affinities wdiich we discover in nature 
amongst the beings of the same group. Thus, the natural system 
is genealogical in its arrangement, like a pedigree : but the amount 
of modificatiott which the different groups have undergone has to 
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be expressed by ranking them under different so-called genets^ 
sub-families, families, sections, orders, and classes. 

It may be worth while to illustrate this view of classification, 
by taking the case of languages. If we possessed a perfect pedi- 
gree of mankind, a genealogical arrangement of the races of man 
would afford the best classification of the various languages now 
spoken throughout the world; and if all extinct languages, and 
all intermediate and slowly changing dialects, were to bo included, 
such an arrangement would he the only possible one. Yet it 
might be that some ancient languages had altered very little and 
had given rise to few new languages, whilst others had altered 
much owing to the spreading, isolation, and state of civilisation 
of the several co-descended races, and had thus given rise to 
many new dialects and languages. The various degrees of differ- 
ence between the languages of the same stock, would have to be 
expressed by groups subordinate to groups; but the proper or 
even the only possible arrangement would still be genealogical; 
and this would be strictly natural, as it would connect together 
all languages, extinct and recent, by the closest aifinities, and 
would give the filiation and origin of each tongue. 

In confirmation of this view, let us glance at the classification 
of varieties, which are known or believed to be descended from 
a single species. These are grouped under the species, with the 
sub-varieties under the varieties ; and in some cases, as with the 
domestic pigeon, with several other grades of difference. Nearly 
the same rules are followed as in classifying species. Authors 
have insisted on the necessity of arranging varieties on a natural 
instead of an artificial system; we are cautioned, for instance, 
not to class two varieties of the pine-apple together, merely 
because their fruit, though the most important part, happens to 
be nearly identical ; no one puts the Swedish and common turnij) 
together, though the esculent and thickened stems are so similar. 
Whatever part is found to be most constant, is used in classing 
varieties: thus the great agriculturist Marshall says the horns 
are very useful for this jDurpose with cattle, because they are loss 
variable than the shape or colour of the body, <kc. ; whereas with 
sheep the horns are much less serviceable, because less constant. 
In classing varieties, I apprehend that if we had a real pedigree, 
a genealogical classification would be universally preferred ; and 
it lias been attempted in some cases. For we might feel sure, 
whether there had been more or less modification, that the prin- 
ciple of inheritance would keep the forms together which were 
allied in the greatest number of points. In tumbler pigeons, 
though some of the sub-varieties differ in the important character 
of the length of the beak, yet all are kept together from having 
the common habit of tumblings but the short-faced breed has 
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nearly or quite lost tliis habit : nevertheless, without any thought 
on the subject, these tumblers are kept in the same groui), because 
allied in blood and alike in some other respects. 

With species in a state of nature, every naturalist has m fact 
brought descent into his classification: for he includes in his 
lowest grade, that of species, the two sexes ; and how enormously 
these sometimes difler in the most important chorcters, is known 
to every naturalist: scarcely a single fact can be predicated in 
common of the adult males and hermaphrodites of certain cirri- 
pedes, and yet no one dreams of separating them. As soon as 
the three Orciiidean forms, hlonachanfchus, hlyantlms, and Cata- 
setum, vdiich had previously been ranked as three distinct genera, 
were known to be sometimes produced on the same plant, they 
were imniediatoly considered as varieties ; and now I have been 
able to show that they arc the male, female, and heimiaphrodite 
forms of the same species. The naturalist includes as one species 
the various larval stages of the same individual, however much 
they may differ from each other and from the adult, as well as the 
so-called alternate generations of Bteenstriip, which can only in a 
technical sense be considered as the same individual. He includes 
monsters and varieties, not from their partial resemblance to the 
parent-form, but because they are descended from it. 

As descent has universally been used in classing together the 
individuals of the same species, though the males and females and 
larvee are sometimes extremely different ; and as it has been used 
in classing varieties which have undergone a certain, and some- 
times a considerable amount of modification, may not this same 
element of descent have been unconsciously used in gi’ouping 
species under genera, and genera under higher groups, all under 
the so-called natural system ? I believe it has been unconsciously 
used ; and thus only can I understand the several rules and guides 
which have been followed by our best systematists. As we have 
no written pedigrees, we arc forced to trace community of descent 
by resemblances of any kind. Therefore we choose those characters 
which are the least likely to have been modified, in relation to the 
conditions of life to which each species has been recently exposed. 
Budimentary structures on this view are as good as, or even some- 
times better than, other parts of the organisation. We care not 
how trifling a character may be — ^let it be tlie mere inflection of 
the angle of the jaw, the manner in which an insect’s wing is 
folded, whether the skin be covered by hair or feathers— if it 
prevail throughout many and different species, especially those 
having very different habits of life, it assumes high value ; for we 
can account for its presence in so many forms with such different 
habits, only by inheritance from a common parent. We may err 
in this respect in regard to single points of structure, but when 
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several cliaracters, let tliem be ever so trifling, concur tliroiigliout 
a large group of beings having different habits, we may feel 
almost sure, on the theorj^ of descent, that these characters have 
been inherited from a common ancestor ; and we know that such 
aggregated characters have especial value in classification. 

We can understand why a species or a group of species may 
depart from its allies, in several of its most important character- 
istics, and yet be safely classed with them. This may be safely 
done, and is often done, as long as a sufficient number of characters, 
let them be ever so unimi3ortant, betrays the hidden bond of com- 
munity of descent. Let two forms have not a single character in 
common, yet, if these extreme forms are connected together by a 
chain of intermediate groups, we may at once infer their com- 
munity of descent, and we put them all into the same class. As 
we find organs of high physiological importance— those which 
serve to xoreserve life under the most diverse condi lions of exist- 
ence— are generally the most constant, we attach especial value 
to them ; but if these same organs, in another group or section of 
a group, are found to differ much, we at once value tliom less in 
our classification. We shall presently see why embryological 
characters are of such high classificatory importance. Geograxjliical 
distribution may sometimes be brought usefully into play in 
classing large genera, because all the species of tlio same genus, 
inhabiting any distinct and isolated region, are in all x^robability 
descended from the same parents. 

Analogical Re&emhlances . — We can understand, on the above 
views, the very important distinction between real affinities and 
analogical or adaptive resemblances. Lamarck first called atten- 
tion to this subject, and he has been ably followed by Jklacleay 
and others. The resemblance in the shape of the body and in the 
fin-like anterior limbs between dugongs and whales, and between 
these two orders of mammals and fishes, are analogical. So is 
the resemblance between a mouse and a shrew-mouse (Sorex), 
which belong to different orders; and the still closer resemblance, 
insisted on by Mr. Mivart, between the mouse and a small mar- 
supial animal (Antechinus) of Australia. These latter resem- 
blances may be accounted for, as it seems to me, by adaptation 
for similarly active movements through thickets and herbage, 
together with concealment from enemies. 

Amongst insects there are innumerable similar instances ; thus 
LinnjBUS, misled by external appearances, actually classed an 
homopterous insect as a moth. We see something of the same 
kind even with our domestic varieties, as in the strikingly similar 
shape of the body in the improved breeds of the Chinese and 
common pig, which are descended from distinct species ; and in 
the similarly thickened stems of the common and specifically dis* 
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tinet Sweclisli turnip. The resemblance between the greyhound 
and the racehorse is hardly more fanciful than the analogies which 
have been drawn by some authors between widely different 
animals. 

On the view of characters being of real importance for classin- 
cation, only in so far as they reveal descent, we can clearly under- 
stand why analogical or adaptive characters, although of the 
utmost importance to the welfare of the being, are almost value- 
less to the systematist. For animals, belonging to two most 
distinct lines of descent, may have become adapted to similar 
conditions, and thus have assumed a close external resemblance; 
but such resemblances Vv'ill not reveal — will rather tend to conceal 
their blood-relationship. We can thus also understand the ap- 
parent paradox, that the very same characters are analogical 
when one group is compared with another, but give true affinities 
vdien the members of the same groiij) are compared together: 
thus, the shape of the body and fin-like limbs are only analogical 
when whales are compared with fishes, being adaptations in both 
classes for swimming through the 'ivater; but between the several 
members of the whale family, the shape of the body and the fm- 
like limbs offer characters exhibiting true affinity; for as these 
parts are so nearly similar throughout the whole family, we 
cannot doubt that they have been inherited from a common 
ancestor. So it is with fishes. 

Numerous cases could be given of striking resemblances in 
quite distinct beings between single parts or organs, which have 
been adapted for the same functions. A good instance is afforded 
by the close resemblance of the jaws of the dog and Tasmanian 
wolf or Thylacinus, — animals vrhich are widely sundered in the 
natural system. But this resemblance is confined to general 
appearance, as in the i^romincnce of the canines, and in the 
cutting shape of the molar teeth. For the teeth really differ 
much: thus the deg has on each side of the upper jaw four pre- 
molars and only two molars; whilst the Thylacinus has three 
pre-molars and four molars. The molars also differ much in the 
two animals in relative size and structure. The adult dentition 
is preceded by a widely different milk dentition. Any one may 
of course deny that the teeth in either case have been adapted 
for tearing flesh, through the natural selection of successive 
variations ; but if this be admitted in the one case, it is unintelli- 
gible to me that it should be denied in the other. I am glad to 
find that so high an authority as Professor Flower has come to 
this same conclusion. 

The extraordinary cases given in a former chapter, of widely 
different fishes possessing electric organs,— of widely different 
insects possessing Inminotis organs,— and of orchids and asde* 
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piads Laving pollen-masses with viscid discs, come under this 
same head of analogical resemblances. But these' cases are so 
wonderful that they were introduced as difficulties or objections 
to our theory. In all such cases some fundamental difference in 
the growth or development of the parts, and generally in their 
matured structure, can be detected. The end gained is the same, 
but the means, though appearing superficially to be the same, are 
essentially different. The principle formerly alluded to under the 
term of analogical variation has probably in these cases often 
come into play ; that is, the members of the same class, although 
only distantly allied, have inherited so much in common in their 
constitution, that they are apt to vary under similar exciting 
causes in a similar manner ; and this would obviously aid in the 
acquirement through natural selection of parts or organs, strikingly 
like each other, independently of their direct inheritance from a 
common progenitor. 

As species belonging to distinct classes have often been adapted 
by successive slight modifications to live under nearly similar 
circumstances,— to inhabit, for instance, the three elements of land, 
air, and water,— we can perhaps understand how it is that a 
numerical parallelism has sometimes been observed between the 
sub-groups of distinct classes. A naturalist, struck wdth a paral- 
lelism of this nature, by arbitrarily raising or sinking the value 
of the groups in several classes (and all our experience shows that 
their valuation is as yet arbitrary), could easily extend the paral- 
lelism over a wide range ; and thus the septenary, quinary, quater- 
nary and ternary classifications have probably arisen. 

There is another and curious class of cases in which close ex- 
ternal resemblance does not depend on adaptation to similar 
habits of life, but has been gained for the sake of protection. I 
allude to the wonderful manner in wffiich certain butterflies 
imitate, as first described by Mr. Bates, other and quite distinct 
species. This excellent observer has shown that in some districts 
of S. America, where, for instance, an Ithomia abounds in gaudy 
swarms, another butterfly, namely, a Leptalis, is often found 
mingled in the same flock ; and the latter so closely resembles the 
Ithomia in every shade and stripe of colour and even in the shape 
of its wings, that Mr. Bates, with his eyes sharpened by collecting 
during eleven years, was, though always on his guard, continually 
deceived. When the mockers and the mocked are caught and 
compared, they are found to be very different in essential stracture, 
and to belong not only to distinct genera, but often to distinct 
families. Had this mimicry occurred in only one or two instances, 
it might have been passed over as a strange coincidence. But, if 
we proceed from a district where one Leptalis imitates an Ithomia, 
another mocking and mocked species belonging to the same two 
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genera, equally close in their resemblance, may be foiincl. Alto- 
IjCtber no less than ten genera are enumerated, which include 
species that imitate other butterflies. The mockers and mocked 
ahvays inhabit the same region ; we never find an imitator living 
remote from the form vdiich it imitates. The mockers are almost 
invariably rare insects ; the mocked in almost every case abound 
in swarms. In the same district in which a species of Leptalis 
closely imitates an Ithomia, there are sometimes other Lepidoptera 
mimicking the same Ithomia : so that in the same place, species 
of three genera of butterflies and even a moth are found all closely 
resembling a butterfly belonging to a fourth genus. It deserves 
especial notice that many of the mimicking forms of the Leptalis, 
as well as of the mimicked forms, can be shown by a graduated 
series to be merely varieties of the same species ; whilst others are 
imdoubtodly distinct species. But why, it may be asked, are 
certain forms treated as the mimicked and others as the mimickers? 
hir. Bates satisfactorily answers this question, by showing that 
Iho form which is imitated keeps the usual dress of the group to 
which it belongs, whilst the counterfeiters have changed their 
dress and do not resemble their nearest allies. 

"We are next led to inquire what reason can be assigned for 
certain butterflies and moths so often assuming the dress of 
another and quite distinct foim ; why, to the perplexity of natural- 
ists, has nature condescended to the tricks of the stage? hir. 
Bates has, no doubt, hit on the true explanation. The mocked 
forms, which always abound in numbers, must habitually escape 
destruction to a large extent, otherwise they could not exist in 
such swarms ; and a large amount of evidence has now been col- 
lected, showing that they are distasteful to birds and other insect- 
devouring animals. The mocking forms, on the other hand, that 
inhabit the same district, are comparatively rare, and belong to 
rare groups ; hence they must suffer habitually from some danger, 
for otherwise, from the number of eggs laid by all butterflies, they 
would in three or four generations swarm over the whole country. 
Now if a member of one of these persecuted and rare groups were 
to assume a dress so like that of a well-protected species that it 
continually deceived the practised eyes of an entomologist, it would 
often deceive predaceous birds and insects, and thus often escape 
destruction. Mr. Bates may almost be said to have actually 
witnessed the process by which the mimickers have come so closely 
to resemble the mimicked ; for he found that some of the forms 
of Leptalis which mimic so many other butterflies, varied in an 
extreme degree. In one district several varieties occurred, and of 
these one alone resembled to a certain extent, the common 
Ithomia of the same district. In another district there were two? 
or thro© varieties, one of which was much commoner than the 
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others, and this closely mocked another form of Ithomia. From 
facts of this nature, Mr. Bates concludes that the Leptalis first 
varies ; and when a variety happens to resemble in some degree 
any common butterfly inhabiting the same district, tins variety, 
from its resemblance to a fiouiishing and little-persecuted kind, 
has a better chance of escaping destruction from predaceous birds 
and insects, and is consequently oftener preserved; — “the less 
perfect degrees of resemblance being generation after generation 
eliminated, and only the others left to propagate their kind.” So 
that here we have an excellent illustration of natural selection. 

Messrs. Wallace and Trimen have likewise described several 
equally striking cases of imitation in the Lepidoptera of the Malay 
Archipelago and Africa, and with some other insects. JMr. 
lace has also detected one such case with birds, but we have none 
with the larger quadrupeds. The much greater frequency of 
imitation with insects than with other animals, is probably the 
consequence of their small size ; insects cannot defend themselves, 
excepting indeed the kinds furnished -with a sting, and I have 
never heard of an instance of such kinds mocking other insects, 
though they are mocked; insects cannot easily escape by flight 
from the larger animals which prey on them ; therefore, speaking 
metaphorically, they are reduced, like most weak creatures, to 
trickery and dissimulation. 

It should be observed that the process of imitation probably 
never commenced between forms widely dissimilar in colour. But 
starting with species already somewhat like each other, the closest 
resemblance, if beneficial, could readily be gained by the above 
means; and if the imitated form was subsequently and gradually 
modified through any agency, the imitating form would be led 
along the same track, and thus be altered to almost any extent, 
so that it might ultimately assume an appearance or colouring 
wholly unlike that of the other members of the family to which 
it belonged. There is, however, some difficulty on this head, for 
it is necessary to suppose in some cases that ancient members 
belonging to several distinct groups, before they had diverged to 
their present extent, accidentally resembled a member of another 
and protected group in a sufficient degree to afford some slight 
protection; this having given the basis for the subsequent acquisi- 
tion of the most perfect resemblance. 

On the Netture of the Ajfinitks connecting Organic Beings.-^ 
As the modified descendants of dominant species, belonging to 
the larger genera, tend to inlierit the advantages which made the 
groups to which they belong large and their parents dominant, 
they are almost sure to si>read widely, and to seize on more and 
more places in the economy of nature. The larger and more 
dominant groups ■sdthiu each class thus tend to go on increasing 



OSGxlXIC BEINGS. 


C’HAP. XIT.] 


m size ; o.iid they consequently supplant many smaller and fceUsi* 
groups. Tlius we can account for the fact that all organisms, 
recent and enlinct, are included under a few great orders, and 
under still fewer classes. As sho’^ving how few the higher groups 
are in niimberj and iiow’ widely they are spread tiiroughout the 
vrorlil, the fact is strildng that che discovery of Australia has not 
added an insect belonging to anew class; and that in the vege- 
table kingdom, as I learn from Dr. Hooker, it lias added only two 
or three families of small size. 

In the chapter on Geological Succession I attempted to show, 
on the principle of each group having generally diverged much in 
character during the long-continued process of modification, how 
it is that the more ancient forms of life often present characters 
in some degi’ee intermediate between existing groups. As some 
few of the old and intermediate forms have transmitted to the 
present day descendants but little modified, these constitute our 
so-called osculant or aberrant species. The more aberrant any 
form is, the greater must he the number of connecting forms which 
have been exterminated and utterly lost. And we have some 
evidence of aberrant groups having suffered severely from extinc- 
tion, for they are almost always represented by extremely few 
species ; and such species as do occur are generally very distinct 
from each other, which again implies extinction. The genera 
Omitlioriiynchiis and Lepidosiren, for example, would not have 
been less aberrant had each been represented by a dozen species, 
instead of as at present by a single one, or by two or three. We 
can, I think, account for this fact only by looking at aberrant 
groups as forms which have been conquered by more successful 
competitors, with a few members still preserved under unusually 
favourable conditions. 

Mr. Waterhouse has remarked that, when a member belonging 
to one group of animals exhibits an affinity to a quite distinct 
group, this affinity in most cases is general and not special ; thus, 
according to hir. Waterhouse, of all Rodents, the bizcacha is most 
nearly related to Marsupials; but in the points in which it 
approaches this order, its relations are general, that is, not to 
any one mai*supial species more than to another. As these points 
of affinity are believed to be real and not merely adaptive, they 
must be due in accordance with our view to inheritance from a 
common progenitor. Therefore we must suppose either that all 
Rodents, iiiclnding the bizcacha, branched off from some ancient 
Marsupial, which will naturally have been more or less inter- 
mediate in character with respect to all existing Marsupials; or 
that hoth Rodents and Marsupials branched off from a common 
progenitor, and that both ^oups have since undergone much 
modification in divergent directions* On either view we must 
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suppose tliat the bizcacha has retained, by inheritance, more of 
the characters of its ancient progenitor than have other Rodents ; 
and therefore it ■will not be specially related to any one existing 
Marsupial, but indirectly to all or nearly all Marsupials, from 
having partially retained the character of their common pro- 
genitor, or of some early member of the group. On the other 
hand, of all Marsupials, as Mr. Waterhouse has remarked, the 
Phascolomys resembles most nearly, not any one species, but the 
general order of Rodents. In this case, however, it may be 
strongly suspected that the resemblance is only analogical, owing 
to the Phascolomys having become adapted to habits like those 
of a Rodent. The elder De Candolle has made nearly similar 
observations on the general nature of the affinities of distinct 
families of plants. 

On the principle of the multiplication and gradual divergence 
in character of the species descended from a common progenitor, 
together with their retention by inheritance of some characters 
in common, we can understand the excessively complex and 
radiating affinities by which all the members of the same family 
or higher group are connected together. For the common pro* 
geuitor of a whole family, now broken up by extinction into 
distinct groups and sub-groups, will have transmitted some of its 
characters, modified in various ways and degrees, to all the 
species ; and they will consequently be related to each other by 
circuitous lines of affinity of various lengths (as may be seen in 
the diagram so often referred to), mounting up through many 
predecessors. As it is difficult to show the blood-relationship 
between the numerous kindred of any ancient and noble family 
even by the aid of a genealogical tree, and almost impossible to 
do so without this aid, we can understand the extraordinary 
difficulty which naturalists have experienced in describing, with- 
out the aid of a diagram, the various affinities which they perceive 
between the many living and extinct members of the same great 
natural class. 

Extinction, as we have seen in the fourth chapter, has played 
an important part in defining and widening the intervals between 
the several groups in each class. We may thus account for the 
distinctness of whole classes from each other— for instance, of 
birds from all other vertebrate animals— -by the belief that many 
ancient forms of life have been utterly lost, through which the 
early progenitors of birds were formerly connected with the early 
progenitors of the other and at that time less differentiated 
vertebrate classes. There has been much less extinction of the 
forms of life which once connected fishes with batrachians. There 
has been still less within some whole classes, for instance the 
Crustacea, for here the most wonderfully diverse tonns aro still 
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linked together by a long and only partially broken cliain of 
affinities. Extinction has only defined the groups: iu lias by no 
means made them ; for if e v ery form which lias ever lived on 
this earth were suddeniy to reappe?.r, though it would be quite 
impossible to give definitions by which each group could bo 
distinguished; still a natural classification, or at least a natural 
arrangement, would be possible. ^Ve shall see this by turning to 
the diagram ; the letters, A to L, maj’' represent eleven Silurian 
genera, some of which have produced large groups of modified 
descendants, udth every link in each branch and sub-branch still 
alive; and the links not greater than those between existing 
varieties. In this case it would be quite impossible to give 
definitions by which the several members of tlie several groups 
could be distinguished from their more immediate parents and 
descendants. Yet the arrangement in the diagram would still hold 
good and would be natural ; for, on the principle of inheritance, all 
the forms descended, for instance, from would have something 
in common. In a tree we can distinguish this or that branch, 
though at the actual fork the tw'o unite and blend togetiier. We 
could not, as I have said, define the several groups ; but wm could 
pick out types, or forms, representing most of the characters of 
each group, whether large or small, and thus give a general idea 
of the value of the differences between them. This is wffiat w’e 
should bo driven to, if we were ever to succeed in collecting all 
the forms in any one class which have lived throughout all time 
and space. Assuredly we shall never succeed in making so 
perfect a collection: nevertheless, in certain classes, w^e are 
tending towards this end ; and Milne Edw’ards has lately insisted, 
in an able paper, on the high importance of looking to types, 
whether or not we can separate and define the groups to which 
such types belong. 

Finally, we have seen that natural selection, wffiich follows 
from the struggle for existence, and which almost inevitably 
leads to extinction and divergence of character in the descendants 
from any one parent-species, exifiains that great and universal 
feature in the affinities of ail organic beings, namely, their 
subordination in group under group. We use the element of 
descent in classing the individuals of both sexes and of all ages 
under one species, although they may have but few characters in 
common; we use descent in classing acknowledged varieties, 
however different they may be from their parents ; and I believe 
that this element of descent is the hidden bond of connexion 
which naturalists have sought under the term of the Natural 
System. On this idea of the natural system being, in so far as it 
has been perfected, genealogical in its arrangement, with^ the 
grades of diffaronce expressed by the terms genera, families, 
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orders, we can understand the rules which we are compelled 
to follow in our classification. We can understand why we value 
certain resemblances far more than others; why we use rudi- 
mentary and useless organs, or others of trifling physiological 
importance ; why, in finding the relations between one group and 
another, we summarily reject analogical or adaptive characters, 
and yet use these same characters within the limits of the same 
group. We can clearly see how it is that all living and extinct 
forms can bo grouped together within a few great classes ; and 
how the several members of each class are connected together by 
the most complex and radiating lines of affinities. We shall 
never, probably, disentangle the inextricable web of the affinities 
between the members of any one class; but when we have a 
distinct object in view, and do not look to some unknown plan of 
creation, we may hope to make sure but slow progress. 

Pi'ofessor Hackel in his ‘Generelle Morphologic' and in other 
works, has recently brought his great knowledge and abilities to 
bear on what he calls ijhylogeny, or the lines of descent of all 
organic beings. In drawing up the several series he trusts chiefly 
to embryologicai characters, but receives aid from homologous 
and rudimentaiy organs, as -well as from the successive periods 
at which the various forais of life are believed to have first 
appeared in our geological formations. He has thus boldly made 
a great beginning, and show’s us how classification will in the 
future be treated. 


M<yirphology. 

We have seen that the members of the same class, inde- 
pendently of theix habits of life, resemble each other in the 
general plan of their organisation. This resemblance is often 
expressed by the term “unity of type;” or by saying that the 
several parts and organs in the diflferent species of the class aro 
homologous. The w^hole subject is included under the general 
teim of Morphology. This is one of the most interesting depart- 
ments of natural history, and may almost be said to bo its very 
soul. What can be more curious than that the hand of a man, 
formed for grasping, that of a mole for digging, the log of the 
horse, the paddle of the porpoise, and the wing of the bat, should 
all be constructed on the same pattera, and should include similar 
bones, in the same relative positions? How curious it is, to givo 
a subordinate though striking instance, that the hind-feet of the 
kangaroo*, which are so well fitted for bounding over the open 
plains,— “those of the climbing, leaf-eating koala, equally well 
fitted for grasping the branches of trees,— those of the ground- 
dwelling, insect or root eating, bandicoots, — and those of some 
other Australian marsupialj^— sbould all be constructed on the 
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same extraordinary type, namely 'vdtli tlie Bones of tlie second 
and third digits extremely slender and enveloped vitliin tlie same 
skin, so that they appear like a single toe fiirnislied with two 
clavrs. ISTotwitiistanding this similarity of jjattern, it is obvious 
that the hind feet of these several animals are used for as videly 
dikerent purposes as it is possible to conceive. The case is 
rendered all the more striking by the American opossums, vrhich 
follow nearly the same habits of life as some of their Australian 
relatives, having feet constructed on the ordinary plan. Professor 
Flower, from v/liom these statements are taken, remarks in 
conclusion: ‘“We may call this conformity to type, without 
getting much nearer to an explanation of the phenomenon ; ” and 
he then adds, “ but is it not powerfully suggestive of true relation- 
ship, of inheritance from a common ancestor?” 

Geoffrey St. Hilaire has strongly insisted on the high importance 
of relative position or connexion in homologous parts ; they may 
differ to almost any extent in form and size, and yet remain 
connected together in the same invariable order. We never find, 
for insiaace, the bones of the arm and fore-arm, or of the thigh 
and leg, transposed. Hence the same names can be given to the 
homologous bones in widely different animals. We see the same 
great law in the construction of the mouths of insects : what can 
be more different than the immensely long spiral proboscis of a 
sphinx-moth, the curious folded one of a bee or bug, and the great 
jaws of a beetle ? — yet all these organs, serving for such widely 
different purposes, are formed by infinitely numerous modifications 
of an upper lip, mandibles, and two pairs of maxillm. The same 
law governs the construction of the mouths and limbs of crusta- 
ceans. So it is with the flo’ivers of plants. 

Nothing can be more hopeless than lo attempt to explain this 
similarity of pattern in members of the same class, by utility or 
by the doctrine of final causes. The hopelessness of the attempt 
has been expressly admitted by Owen in his most interesting 
work on the ‘ Nature of Limbs/ On the ordinary view of the 
independent creation of each being, vre can only say that so it is ; 
— that it has pleased the Creator to construct all the animals and 
plants in each great class on a uniform plan ; but this is not a 
scientific explanation. 

The explanation is to a large extent simple on the theory of the 
selection of successive slight modifications, — each modification 
being profitable in some way to the modified form, but often 
affecting by correlation other parts of the organisation. In 
changes of this nature, there will be little or no tendency to 
alter the original pattern, or to transpose the parts. The bones 
of a limb might be shortened and flattened to any extent, 
becoming at the same time enveloped in thick membrane, so m 
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to serve as a fin ; or a webbed band might have all its bones, or 
certain bones, lengthened to any extent, with the membrane 
connecting them increased, so as to serve as a wing ; yet all these 
modifications would not tend to alter the framework of the bones 
or the relative connexion of the parts. If wq suppose that an 
early progenitor— the archetype as it may be called— of all 
mammals, birds, and reptiles, had its limbs constructed on the 
existing general pattern, for whatever purpose they served, we 
can at once perceive the plain signification of the homologous 
construction of the limbs throughout the class. So with the 
mouths of insects, w^e have only to suppose that their common 
progenitor had an upper lip, mandibles, and tw^o pairs of maxillae, 
these parts being perhaps very simple in fomi ; and then natural 
selection wnll account for the infinite diversity in the structure 
and functions of the mouths of insects. Nevertheless, it is con- 
ceivable that the general pattern of an organ might become so 
much obscured as to be finally lost, by the reduction and 
ultimately by the complete abortion of certain parts, by the 
fusion of other parts, and by the doubling or multiplication of 
others, — variations W’hich w^e know to be within the limits of 
possibility. In the paddles of the gigantic extinct sea-lizards, and 
in the mouths of certain suctorial crustaceans, the general imttcrn 
seems thus to have become partially obscured. 

There is another and equally curious branch of our subject; 
namely, serial homologies, or the comparison of the different parts 
or organs in the same individual, and not of the same parts or 
organs in different members of the same class. Most physiologists 
believe that the bones of the skull are homologous— that is, 
correspond in number and in relative connexion — with the 
elemental parts of a certain number of vertebrm. The anterior 
and posterior limbs in all the higher vertebrate classes are ifiainly 
homologous. So it is with the wonderfully complex jaws and legs 
of crustaceans. It is familiar to almost every one, that in a flower 
the relative position of the sepals, petals, stamens, and pistils, as 
well as their intimate structure, are intelligible on the view rhat 
they consist of metamorphosed leaves, arranged in a spire. In 
monstrous plants, we often get direct evidence of the possibility 
of one organ being transformed into another ; and we can actually 
see, during the early or embryonic stages of development in 
flowers, as well as in crustaceans and many other animals, that 
organs, which when mature become extremely different are at 
first exactly alike. 

How inexplicable are the cases of serial homologies on the 
ordinary view of creation t Why should the brain be enclosed 
in a box composed of such numerous and such extraordinarily 
shaped pieces of bone, apparently representing veitebrse 1 As 
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Owen lias remarkodj ilie benefit derived from tlie yielding of tlia 
separate pieces in the act of parturition by mammals, will by no 
means explain the same construction in the skulls of birds and 
reptiles. "WTiy should similar bones have been created to form 
the wing and the leg of a bat, used as they are for such totally 
different purposes, namely fiying and walking ? Mhy should one 
crustacean, which has an extremely complex mouth formed of 
many parts, consequently always have fewer legs ; or conversely, 
those with many legs have simpler mouths ? TVTiy should the 
sepals, petals, stamens, and pistils, in each flower, though fitted for 
such distinct purposes, be all constructed on the same pattern ? 

On the theory of natural selection, we can, to a certain extent, 
answer these questions. We need not here consider how the 
bodies of some animals first became divided into a scries of 
segments, or how they became divided into right and left sides, 
with corresponding organs, for such questions are almost beyond 
investigation. It is, however, probable that some serial structures 
are the result of cells multiplying by division, entailing the 
multiplication of the parts developed from such cells. It must 
suflice for our purpose to bear in mind that an indefinite repetition 
of the same part or organ is the common characteristic, as Owen 
has remarked, of all low or little specialised forms ; therefore the 
unknown progenitor of the Yertebrata probably possessed many 
vertebrae; the unknown progenitor of the Articulata, many 
segments ; and the unknown progenitor of flowering plants, many 
leaves arranged in one or more spires. lYe have also formerly 
seen that parts many times repeated are eminently liable to vary, 
not only in number, but in form. Consequently such parts, being 
already present in considerable numbers, and being highly 
variable, would naturally afford the materials for adaptation to 
the most different purposes; yet they would generally retain, 
thrcKigh the force of inheritance, plain traces of their original or 
fundamental resemblance. They would retain this resemblance 
all the more, as the variations, which afforded the basis for their 
subsequent modification through natural selection, would tend 
from the first to be similar; the parts being at an early stage of 
growth alike, and being subjected to nearly the same conditions. 
Such parts, whether more or less modified, unless their common 
origin became wholly obscured, would be serially homologous.^ 

In the great class of molluscs, though the parts in distinct 
species can be shown to bo homologous, only a few serial homo- 
logies, such as the valves of Chitons, can be ^indicated; that is, 
we are seldom enabled to say that one part is homologous with 
another part in the same individual. And we can understand 
this fact; for in molluscs, even in the lowest members of the 
cl^ss, we do not find nearly so much indefinite repetition of any 
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one part as "n'o find in the other great classes of the animal and 

vegetable kingdoms. 

But morphology is a much more complex subject than it at first 
appears, as has lately been well shown in a remarkable paper by 
Mr. E. Bay Lankester, who has drawn an important distinction 
between certain classes of cases which have all been equally 
ranked by naturalists as homologous. He proposes to call the 
structures which resemble each other in distinct animals, o^ving 
to their descent from a common progenitor with subsequent 
modification, hoinogenom ; and the resemblances which cannot 
thus be accounted for, he proposes to call homoplastic. For 
instance, ho believes that the hearts of birds and mammals are as 
a whole homogenous, — that is, have been derived from a common 
progenitor ; but that the four cavities of the heart in the two 
classes are homoplastic, — that is, have been independently 
developed. Mr. Lankester also adduces the close resemblance 
of the parts on the right and left sides of the body, and in the 
successive segments of the same individual animal ; and here wo 
have parts commonly called homologous, v Inch bear no relation 
to the descent of distinct species from a eoimnon progenitor. 
Homoplastic structures are the same vitli those ‘which I havo 
classed, though in a very imperfect manner, as analogous modifi- 
cations or resemblances. Their formation may be attributed in 
part to distinct organisms, or to distinct parts of the same 
organism, having varied in an analogous manner ; and in part to 
similar modifications, having been preserved for the same general 
purpose or function, — of which many instances have been given. 

Naturalists frequently speak of the skull as formed of metamor- 
phosed vertebrae ; the jaws of crabs as metamoiq^hosed legs ; the 
stamens and pistils in flowers as metamorphosed leaves ; but it 
would in most eases bo more correct, as Professor Plusley has 
remarked, to speak of both skull and vertebrae, jaws and legs, &:c., 
as having been metamorphosed, not one from the other, as they 
now exist, but from some common and simpler element. Most 
naturalists, however, use such language only in a metaphorical 
sense ; they are far from meaning that during a long course of 
descent, primordial organs of any kind — vertebrae in the one case 
and legs in the other — have actually been converted into skulls or 
jaws. Yet so strong is the appearance of tliis having occurred, 
that naturalists can hardly avoid employing language having this 
plain signification. According to the views here maintained, such 
language may be used literally; and the wonderful fact of the 
jaws, for instance, of a crab retaining numerous characters, ‘wliich 
they probably would have retained through inheritance, if they 
had really been metamorphosed from true though extremely 
simple legs, is in part explained. 
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Development and Dnibvyology, 

Tills is one ol the most important subjects in the Tfliole rciiiid 
of natural Iiistoiy. The metamorphoses of iiisectSj with wliicli 
every one is familiar, are generally exTeclecl abruptly by a few 
stages; LiU the trausrormations are in reality namerous and 
gradual, tliougii concealed. A certain eijhemorous insect (Clilueon) 
dining its development, monks, as shown by Sir J. Lubbock, above 
twenty times, and each time undergoes a certain aniomit of change ; 
and in this case we see tlie act of metamorjjhosis performed in a 
primary and gradual manner. Many insects, and especially certain 
crustaceans, show us wdiat v/onderful changes of structure can be 
eilected duiing development. Such changes, however, reach their 
acme in the so-called alternate generations of some of the lower 
ejiimals. It is, for instance, an astonishing fact that a delicate 
branching coralline, studded with polypi and attached to a sub- 
marine rock, should x)roduce, first by budding and then by trans- 
verse division, a host of huge fioating jelly-fishes ; and that these 
should produce eggs, from which are hatched swimming animal- 
cules, ivhich attach themselves to rocks and become developed into 
branching corallines ; and so on in an endless cycle. The belief 
in the essential identity of the process of alternate generation and 
of ordinary metamorphosis has been greatly strengthened by 
Wagner s discovery of the larva or maggot of a fiy, namely the 
Cecidoinyia, producing asexiially other larvce, and these others, 
which finally are deveioi>ed into mature males and females, propa- 
gating their kind in the ordinary manner by eggs. 

It may be worth notice that when Wagner’s remarkable dis- 
covery was first announced, I was asked how was it possible to 
account for the larvae of this fly having acquired the power of 
asexual reproduction. As long as the case remained unique no 
answer could be given. But already Grimm has shown that another 
fiy, a Chironomus, reproduces itself in neaidy the same manner, 
and he believes that this occurs frequently in the Order. It is the 
pupa, and not the larva, of the Chironomus which has this power; 
and Grimm further shows that this case, to a certain extent, 
“ unites that of the Cocidomyia with the parthenogenesis of the 
Coccidse;”-— the term parthenogenesis implying that the mature 
females of the CoccidjB are capable of producing fertile eggs with- 
out the concourse of the male. Certain animals belonging to 
several classes are now known to have the power of ordinary 
reproduction at an unusually early age; and we have only to 
accelerate parthenogenetic reproduction by gradual steps to an 
earlier and earlier age,— Chironomus showing us an almost exactly 
intermediate stage, viz., that of the pupa— and we can perhaiis 
account for the marvellous case of the Cecidomyk. 
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It has already been stated that various parts in the same indi- 
vidual which are exactly alike during an early embryonic period, 
become widely different and serve for widely different purposes in 
the adult state. So again it has been shown that generally the 
embryos of the most distinct species belonging to the same class 
are closely similar, but become, when fully developed, widely dis- 
similar. A better proof of this latter fact cannot be given than the 
statement of Von Baer that ‘*the embryos of mammalia, of birds, 
“ lizards, and snakes, probably also of chelonia, are in their earliest 
“ states exceedingly like one another, both as a whole and in the 
*'mode of development of their parts; so much so, in fact, that we 
**can often distinguish the embryos only by their size. In my 
** possession are two little embryos in spirit, whose names I have 

omitted to attach, and at present I am quite unable to say to 
‘^what class they belong. They may be lizards or small birds, 
‘‘or very young mammalia, so complete is the similarity in tho 
“mode of formation of the head and trunk in these animals. The 
“extremities, however, are still absent in those embryos. But even 
“if they had existed in the earliest stage of their development we 
“ should learn nothing, for the feet of lizards and mammals, the 
“ wings and feet of birds, no less than the hands and feet of man, all 
“arise from the same fundamental form.” The larvae of most crus- 
taceans, at corresponding stages of development, closely resemble 
each other, however different the adults may become ; and so it is 
with very many other animals. A trace of the law of embryonic 
resemblance occasionally lasts till a rather late age : thus birds of 
the same genus, and of allied genera, often resemble each other ia 
their immature plumage ; as we see in the spotted feathers in the 
young of the thrush group. In the cat tribe, most of the species 
when adult are striped or spotted in lines; and stripes or spots can 
be plainly distinguished in the whelp of the lion and tho puma. 
We occasionally though rarely see something of the same kind in 
plants ; thus the first leaves of the ulex or furze, and the first loaves 
of the phyllodineous acacias, are pinnate or divided like the 
ordinary leaves of the leguminosae. 

The points of structure, in which the embryos of widely different 
animals within the same class resemble each other, often have no 
direct relation to their conditions of existence. We cannot, for 
instance, suppose that in the embryos of the vertebrata the peculiar 
loop-Hke courses of the arteries near the branchial slits are related 
to similar conditions, —in the young mammal which is nourished 
in the womb of its mother, in the egg of the bird which is hatched 
in a nest, and in the spawn of a frog under water. We have no 
more reason to believe in such a relation, than we have to believe 
that the similar bones in the hand of a man, wing of a bat, and fin 
of a porpoise, are related to similar conditions of life. Ho om 
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supposes tliat the stripes on tlie whelp of a lion, or the spots on 
the young blackbird, are of any use to these animals. 

The case, however, is different when an animal during any part 
of its embiyonic career is active, and has to provide for itself. The 
period of activity may come on earlier or later in life ; but when- 
ever it comes on, the adaptation of the larva to its conditions of 
life is just as perfect and as beautiful as in the adult animal. In 
how important a manner this has acted, has recently been well 
shown by Sir J. Lubbock in his remarks on the close similarity of 
the larvre of some insects belonging to very different orders, and 
on the dissimilarity of the larvm of other insects within the same 
order, according to their habits of life. Owing to such adaptations, 
the similarity of the larvae of allied animals is sometimes greatly 
obscured ; especially when there is a division of labour during the 
different stages of development, as wdien the same larva has during 
one stage to search for food, and during another stage has to search 
for a place of attachment. Cases can even be given of the larvie 
of allied species, or groups of species, differing more from each 
other than do the adults. In most cases, however, the larvae, 
though active, still obej’-, more or less closely, the law of common 
embryonic resemblance. Cirripedes afford a good instance of this; 
even the illustrious Cuvier did not perceive that a barnacle was a 
crustacean: but a glance at the larva shows this in an un- 
mistakable manner. Bo again the two main divisions of cirripedes, 
the pedunculated and sessile, though differing widely in external 
ai^pearance, have larvje in ail their stages barely distinguishable. 

The embryo in the course of development generally rises in 
organisation ; I use this expression, though I am aware that it is 
hardly possible to define clearly what is meant by the organisation 
being higher or lower. But no one probably will dispute that the 
butterfly is higher than the caterpillar. In some cases, however, 
the mature animal must be considered as lower in the scale than 
the larva, as with certain parasitic crustaceans. To refer once 
again to cirripedes : the larvm in the first stage have three pairs 
of locomotive organs, a simple single eye, and a probosciformed 
mouth, with which they feed largely, for they increase much in 
size. In the second stage, answering to the chrysalis stage of 
butterflies, they have six pairs of beautifully constructed natatory 
legs, a pair of magnificent compound eyes, and extremely complex 
antennm ; but they have a clos^ and imperfect mouth, and cannot 
feed : their function at this stage is, to search out by their well- 
developed organs of sense, and to reach by their active powers of 
swimming, a proper place on which to become attached and to 
undergo their final metamorphosis. Wlien this is completed they 
are fixed for life: their legs are now converted into prehensile 
organs; they again obtain a ■welLconstructod mouth; but they 
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Rave no antenna, and tlieir two eyes are now reconverted into a 
minute, single, simple eye-spot. In tliis last and complete state, 
cirripedes may be considered as either more highly or more lowly 
organised than they were in the larval condition. But in some 
genera the larvae become developed into hermaphrodites having 
the ordinary structure, and into what I have called complemental 
males j and in the latter the development has assuredly been retro- 
grade, for the male is a mere sack, which lives for a short time and 
is destitute of mouth, stomach, and every other organ of im- 
portance, excepting those for reproduction. 

Wc are so much accustomed to see a difference in structure be- 
tween the embryo and the adult, that we are tempted to look at 
this difference as in some necessary manner contingent on growth. 
But there is no reason why, for instance, the wing of a bat, or the 
fin of a porpoise, should not have been sketched out with all their 
parts in proper proportion, as soon as any part became visible. In 
some whole groups of animals and in certain mcmhei's of other 
gi’Oiips this is the case, and the embryo does not at any period 
differ widely from the adult : thus Owen lias remarked in regard to 
cuttle-fish, “ there is no metamorphosis ; the cephalopodic character 
is manifested long before the parts of the embryo are completed.” 
Land-shells and fresh-water crustaceans are born having their 
proper forms, whilst the marine members of the same two great 
classes pass through considerable and often great changes during 
their development. Spiders, again, barely undergo any metamor- 
phosis. The larvae of most insects pass through a worm -like stage, 
whether they are active and adapted to diversified habits, or are 
inactive from being placed in the midst of proper nutriment or 
from being fed by their parents ; but in some few cases, as in that 
of Aphis, if we look to the admirable drawings of the development 
of this insect, by Professor Huxley, we see hardly any trace of the 
vermiform stage. 

Sometimes it is only the earlier developmental stages wliich fail. 
Thus Fritz Muller has made the remarkable discovery that certain 
shrimp-like crustaceans (allied to Penoeus) first appear under the 
simple nauplius-form, and after passing through two or more zooa- 
stages, and then through the mysis-stage, finally acquire their 
mature structure : now in the whole great malacostracan order, 
to which these crustaceans belong, no other member is as yet 
known to be first developed under the nauplius-form, though many 
appear as zoeas; nevertheless Muller assigns reasons for his belief, 
that if there h^ been no suppression of development, all these 
crustaceans would have appeared as nauplii. 

• How, then, can we explain these several facts in embryology,*— 
namely, the very general, though not universal, difference in 
structure between the embryo and the adult ;-^the various parts 
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ill tlie same individual embryo, wliicli uHiiiiately beeoiue very 
unlilie and serve for diverse purposes, being at an early period 
of growtli <alike ; — tlie ooinmon, but not invariable, resemblance 
betvreeii tlie embryos or larvm of the most distinct species in tlie 
same class ; — tlie eiiilnyo often retaining wdiilst vdtliiii tlie egg 
or v’ombj structures vdiicli are of no service to it, either at that 
or at a later period of life ; on the other hand larvre, which have 
to provide for their own wants, being perfectly adapted to the 
surrounding conditions ; — and lastly the fact of certain larvre 
standing higher in the scale of organisation than the mature 
animal into which they are developed? I believe that all these 
facts can be explained, as follows. 

It is coiimionly assumed, perhaps from monstrosities affecting 
the embryo at a very early period, that slight variations or 
individual differences necessarily appear at an equally early 
period. W e have little evidence on this head, but what we have 
certainly points the other way ; for it is notorious that breeders 
of cattle, horses, and various fancy animals, cannot positively tell, 
until some time after birth, what will be the merits or demerits 
of their young animals. We see this plainly in our owm cliildren ; 
we cannot tell whether a child will be tall or short, or what its 
precise features will be. The question is not, at what period of 
life each variation may have been caused, but at what period the 
effects are displayed. The cause may have acted, and I believe 
often has acted, on one or both parents before the act of genera- 
tion. It deserves notice that it is of no importance to a very 
young animal, as long as it remains in its inotheris womb or in 
the egg, or as long as it is nourished and protected by its parent, 
whether most of its characters are acquired a little earlier or 
later in life. It would not signify, for instance, to a bird which 
obtained its food by having a much-curved beak whether or not 
wliilst young it possessed a beak of this shape, as long as it was 
fed by its parents. 

I have stated in the first chapter, that at whatever age a 
variation first appears in the parent, it tends to reappear at 
a corresponding age in the offspring. Certain vatiations can 
only appear at corresponding ages ; for instance, peculiarities in 
the caterpillai*, cocoon, or imago states of the silk-moth : or, 
again, in the Ml-grown horns of cattle. But variations, which, 
for all that we can sec might have first appeared either earlier or 
later in life, likewise tend to reappear at a corresponding age in 
the offspring and parent. I am far from meaning that this is 
invariably the case, and I could give several exceptional cases of 
variations (taking the word in the largest sense) which have 
supervened at an earlier age in the child than in the parent. 

Those two principles, namely, that slight variations generally 
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appear at a not very early period of life, and are inherited at 
a corresponding not early period, explain, as I believe, all the 
above specified leading facts in embryology. But first let us look 
to a few analogous ca-ses in our domestic varieties. Some 
authors who have written on Dogs, maintain that the greyhound 
and bulldog, though so different, are really closely allied varieties, 
descended from the same wild stock ; hence I was curious to see 
how far their puppies differed from each other: I was told by 
breeders that they differed just as much as their parents, and 
this, judging by the eye, seemed almost to be the case ; but on 
actually measuring the old dogs and their six-days-old puppies, 

found that the puppies had not acquired nearly their full 
amount of proportional difference. So, again, I was told that the 
foals of cart and race-horses — breeds which have been almost 
wholly formed by selection under domestication — differed as much 
as the full-grown animals ; but having had careful measurements 
made of the dams and of three-days-old colts of race and heavy 
cart-horses, I find that this is by no means the case. 

As we have conclusive evidence that the breeds of the Pigeon 
are descended from a single wild species, I compared the young 
within twelve hours after being hatched ; I carefully measured 
the proportions (but will not here give the details) of the beak, 
width of mouth, length of nostril and of eyelid, size of foot and 
length of leg, in the parent-species, in pouters, fantails, 
rants, barbs, dragons, carriers, and tumblers. Now some of 
these birds, when mature, differ in so extraordinary a manner in 
the length and form of beak, and in other characters, that they 
would certainly have been ranked as distinct genera if found in 
a state of nature. But when the nestling birds of these several 
breeds were placed in a row, though most of them could just be 
distinguished, the proportional differences in the above specified 
points were incomparably less than in the full-grown birds. 
Some characteristic points of difference — for instance, that of the 
width of mouth — could hardly be detected in the young. But 
there was one remarkable exception to this rule, for the young of 
the short-faced tumbler differed from the young of the wild rock- 
pigeon and of the other breeds, in almost exactly the same 
proportions as in the adult state. 

These facts are explained by the above two principles. Fanciers 
select their dogs, horses, pigeons, &c., for breeding, when nearly 
grown up : they are indifferent whether the desired qualities are 
acquired earlier or later in life, if the full-grown animal possesses 
them. And the cases just given, more especially that of the 
pigeons, show that the characteristic differences which have been 
accumulated by man’s selection, and which give value to his 
breeds, do not generally appe-ar at a very early period of life, and 
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are inlierited at a corresponding not early period. But tlie case 
of tlie short-faced tumbler, which when twelve hours old possessed 
its proper characters, j>roves that this is not the universal rule ; 
for here the characteristic differences must either have appeared 
at an earlier period than usual, or, if not so, the differences must 
have been inherited, not at a corresponding, but at an earlier age. 

Now let us ajiply these two principles to species in a state of 
nature. Let us take a group of birds, descended from some 
ancient form and modified through natural selection for different 
habits. Then, from the many slight successive variations having 
supervened in the several species at a not early age, and having 
been inherited at a corresponding age, the young will have been 
but little modified, and they will stiU resemble each other much 
more closely than do the adults,— just as we have seen with the 
breeds of the pigeon. We may extend this view to widely 
distinct structures and to whole classes. The fore-limbs, for 
instance, which once served as legs to a remote progenitor, may 
have become, through a long course of modification, adapted in 
one descendant to act as hands, in another as paddles, in another 
as wings ; but on the above two principles the fore-limbs will not 
have been much modified in the embryos of these several forms ; 
although in each form the fore-limb will differ greatly in the 
adult state. Wliatever influence long-continued use or disuse may 
have had in modifying the limbs or other parts of any species, 
this will chiefly or solely have affected it when nearly mature, ' 
when it was compelled to use its full powers to gain its own 
living ; and the effects thus produced will have been transmitted 
to the offspring at a corresponding nearly mature age. Thus the 
young will not be modified, or will be modified only in a slight 
degree, through the effects of the increased use or disuse of parts. 

With some animals the successive variations may have super- 
vened at a very early period of life, or the steps may have been 
inherited at an earlier age than that at which they first occurred. 
In either of these cases, the young or embryo will closely resemble 
the mature parent-form, as we have seen with the short-faced 
tumbler. And this is the rule of development in certain whole 
groups, or in certain sub-groups alone, as with cuttle-fish, land- 
shells, fresh-water crustaceans, spiders, and some members of the 
great class of insects. With respect to the final cause of the 
young in such groups not passing through any metamorphosis, we 
can see that this would follow from the following contingences ; 
namely, from the young having to provide at a very early age for 
their own wants, and from their following the same habits of life 
with their parents ; for in this case, it would be indispensable for 
their existence that they should be modified in the same manner 
their parents. Again, with respect to the singular fact that 
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many terrestrial and fresh-water animals do not undergo any 
metamorphosisj whilst marine members of the same groups pass 
through various transformations, Tritz Muller has suggested that 
the process of slowly modifying and adapting an animal to live 
on the land or in fresh water, instead of in the sea, would be 
greatly simplified by its not passing through any larval stage ; 
for it is not probable that places well adapted for both the larval 
and mature stages, under such new and greatly changed habits 
of life, would commonly be found unoccupied or ill-occupied by 
other organisms. In this case the gradual acquirement at an 
earlier and earlier age of the adult structure would be favoured 
by natural selection; and all traces of former metamorphoses 
would finally be lost. 

If, on the other hand, it x)rofited the young of an animal to 
follow habits of life slightly different from those of the parent- 
form, and consequently to bo constructed on a slightly different 
plan, or if it profited a larva already different from its ]>arent to 
change still further, then, on the principle of iiilieritaiice at corre- 
sponding ages, the young or the larvio might be rendered by 
natural selection more and more different from their parents to 
any conceivable extent. Differences in the larva might, also, 
become correlated with successive stages of its development; so 
that the larva, in the first stage, might come to differ greatly froiii 
the larva in the second stage, as is the case with many animals. 
The adult might also become fitted for sites or habits, in vvhicli 
organs of locomotion or of the senses, &c., would be useless ; and 
in this case the metamorjihosis would be retrograde. 

From the remarks just made we can see how by changes of 
structure in the young, in conformity with changed habits of life, 
together with inheritance at corresponding ages, animals might 
come to pass through stages of development, perfectly distinct 
from the primordial condition of their adult progenitors. Most 
of our best authorities are now convinced that the various larval 
and pupal stages of insects have thus been acquired tliroiigli 
adaptation, and not through inheritance from some ancient form. 
The curious case of Sitaris — o, beetle which passes tlirougb certain 
unusual stages of development — will illustrate how this might 
occur. The first larval form is described by M. Fabre, as an 
active, minute insect, furnished with six legs, two^long antenna?, 
and four eyes. These larvm are hatched in the nests of bees ; and 
when the male-bees emerge from their burrows, in the spring, 
which they do before the females, the larvae spring on them, and 
afterwards crawl on to the females whilst paired with the males* 
As soon as the female bee deposits her eggs on the surface of the 
honey stored in the cells, the larvjB of the Sitaris leap on tho eggs 
and devour them. Afterwards they undergo a complete change 5 
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their eyes disappear ; tlieir legs and antennas become riidimentaiy', ’ 
and they feed on honey ; so that they now more closely reseniMo 
the ordinary larvas of insects ; ultimately they undergo a further 
transformation, and finally emerge as the perfect beetle. Xow, 
if an insect, undergoing transformations like those of the Sitaris, 
were to become the x>rogenitor of a whole new class of insects, 
the course of development of the new class would be widely 
different from that of our existing insects ; and the first larval 
stage certainly would not represent the former condition of any 
adult and ancient form, 1 

On the other hand it is highly probable that with many 
animals the embryonic or larval stages show us, more or less 
completely, the condition of the progenitor of the whole group 
in its adult state. In the great class of the Crustacea, forms 
wonderfully distinct from each other, namely, suctorial parasites, 
eirripedes, entomostraca, and even the malacostraca, appear at 
first as larvffl under the nauplius-fonn ; and as these iarvie live 
and feed in the open sea, and are not adapted for any peculiar 
habits of life, and from other reasons assigned by Fritz Muller, it 
is probable that at some very remote period an independent adult 
animal, resembling the Nauplius, existed, and subsequently 
produced, along several divergent lines of descent, the above- 
named great Crustacean groups. So again it is probable, from 
what we know of the embryos of mammals, birds, fishes, and 
reptiles, that these animals are the modified descendants of some 
ancient progenitor, which was furnished in its adult state with 
branchiae, a swim-bladder, four fin-like limbs, and a long tail, all 
fitted for an aquatic life. 

As all the organic beings, extinct and recent, which have ever 
lived, can be arranged within a few great classes; and as all 
vuthin each class have, according to our theory, been connected 
together by fine gradations, the best, and, if our collections "were 
nearly perfect, the only possible arrangement, would be genea- 
logical; descent being the hidden bond of connexion which 
naturalists have been seeking under the term of the FTatural 
Bystem. On this view we can understand how it is that, in the 
eyes of most naturalists, the structure of the embryo is even more 
important for classification than that of the adult. In tvro or 
more groups of animals, however much they may differ from each 
other in structure and habits in their adult condition, if they 
pass through closely similar embryonic stages, we may feel 
assured that they all are descended from one parent-form, and are 
therefore closely related. Thus, community in embryonic structure 
reveals community of descent; but dissimilarity in embryonic 
development does not prove discommunity of descent, for in one 
of two grouj)s the developmental stages may have been suppressed. 
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or may Lave been so greatly modified tlirougli adaptation to new 
habits of life, as to be no longer recognisable. Even in groupsj 
in wMcli the adnlts have been modified to an extreme degree, 
community of origin is often revealed by the structure of the 
larvse ; we have seen, for instance, that cirripedes, though 
externally so like shell-fish, are at once known by their larvas to 
belong to the great class of crustaceans. As the embryo often 
shows us more or less plainly the structure of the less modified 
and ancient progenitor of the group, we can see why ancient and 
extinct forms so often resemble in their adult state the embryos 
of existing species of the same class. Agassiz believes this to be 
a universal law of nature ; and we may hope hereafter to see the 
law proved true. It can, however, be proved true only in those 
cases in which the ancient state of the progenitor of the group 
has not been wholly obliterated, either by successive variations 
having supervened at a very early period of growth, or by such 
variations having been inherited at an earlier age than that at 
which they first appeared. It should also be borne in mind, that 
the law may be true, but yet, o-vving to the geological record not 
extending far enough back in time, may remain for a long period, 
or foi- ever, incapable of demonstration. The law will not strictly 
hold good in those cases in which an ancient form became 
adapted in its larvae state to some special line of life, and 
transmitted the same larval state to a whole group of descend- 
ants; for such larval will not resemble any still more ancient 
form in its adult state. 

, Thus, as it seems to me, the leading facts in embryology, which 
are second to none in importance, are explained on the principle 
of variations in the many descendants from some one ancient 
progenitor, having appeared at a not very early period of life, and 
having been inherited at a corresponding period. Embryology 
rises greatly in interest, when we look at the embryo as a picture, 
more or less obscured, of the progenitor, either in its adult or 
larval state, of all the members of the same great class. 

Mudimentary^ Atrophied^ and Aborted Organs* 

Organs or parts in this strange condition, bearing the plain 
stamp of inutility, are extremely common, or even general, 
throughout nature. It would be impossible to name one of the 
Mgher animals in which some part or other is not in a mdimeiitary 
condition. In the mammalia, for instance, the males possess 
rudimentaiy mammse; in snakes one lobe of the lungs is rudi- 
mentary; in birds the “bastard-wing” may safely be considered 
as a rudimentary digit, and in some species the whole wing is so 
far rudimentary that it cannot bo used for fiight. Wlmt can be 
more curious than the presence of teefch in fcntal whaler wMch 
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whp gro™ up liave not a tootli in tlieir heads; or tiie teetli, 
wliicli never cut through the gums, in the upper jaws of unborn 
calves ? 

Rudimentary organs plainly declare their origin and meaning 
in vpious ways. There are beetles belonging to closely allied 
species, or even to the same identical species, which have either 
Ml-sized and perfect wings, or mere rudiments of membrane, 
which not rarely lie under -vmng-covers firmly soldered together ; 
and in these cases it is impossible to doubt, that the rudiments 
represent wings. Rudimentary organs sometimes retain their 
potentiality: this occasionally occurs with the mammse of male 
mammals, which have been known to become well developed and 
to secrete milk. So again in the udders in the genus Bos, there 
are normally four developed and two rudimentary teats ; but the 
latter in our domestic cows sometimes become well developed 
and yield milk. In regard to plants the petals are sometimes 
rudimentary, and sometimes well -developed in the individuals of 
the same species. In certain plants having separated sexes 
Kolreuter found thai^ by crossing a species, in which the male 
flowers included a rudiment of a pistil, with an hermaphrodite 
species, having of course a well-developed pistil, the rudiment 
in the hybrid offspring was much increased in size; and this 
clearly shows that the rudimentary and perfect pistils are 
essentially alike in nature. An animal may possess various parts 
in a perfect state, and yet they may in one sense be rudimentaiy, 
for they are useless : thus the tadpole of the common Salamander 
or Water-newt, as Mr. G. H. Lewes remarks, “has gills, and 
“passes its existence in the water; but the Salamandra atra, 
“which lives high up among the mountains, brings forth its young 
“full-formed. This animal never lives in the water. Yet if we 
“open a gravid female, we find tadpoles inside her with ex- 
“ quisiteiy feathered gills ; and when placed in water they swim 
“about like the tadpoles of the water-newt. Obviously this 
“aquatic organisation has no reference to the future life of the 
“animal, nor has it any adaptation to its embryonic condition; 
“it has solely reference to ancestral adaptations, it repeats a phase 
“ in the development of its progenitors.” 

An organ, serving for two purposes, may become rudimentary 
or utterly aborted for one, even the more important purpose, and 
remain perfectly efficient for the other. Thus in plants, the 
office of the pistil is to allow the poUen-tubes to reach the ovules 
within the ovarium. The pistil consists of a stigma supi^rted 
on a style; but in some Compositae, the male florets, which (ff 
course cannot be fecundated, have a rudimentary pistil, for it is 
not crowned with a stigma; but the style remains well developed 
and is clothed in the usual manner with hairs, which serve tc 
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brusli tlie pollen out of tlie surrounding and conjoined antliers. 
Again, an organ may become rudimentary for its proper purpose, 
and be used for a distinct one : in certain fishes the swim-bladder 
seems to be rudimentary for its proper function of giving 
buoyancy, but has become converted into a nascent breathing 
organ or lung. IVIany similar instances could be given. 

Useful organs, however little they may be developed, unless we 
have reason to suppose that they %vere formerly more highly 
developed, ought not to be considered as rudimentary. They may 
be in a nascent condition, and in progress towards further develop- 
ment, Hudimentaiy organs, on the other hand, are either quite 
useless, such as teeth which never cut through the gums, or almost 
useless, such as the vings of an ostrich, which serve merely as 
sails. As organs in this condition -would formerly, when still less 
developed, have been of even less use than at present, they cannot 
formerly have been produced through variation and natural 
selection, -which acts solely by the preservation of useful modifica- 
tions- They have been partially retained by the power of inheri- 
tance, and relate to a former state of things. It is, however, often 
difficult to distinguish between rudimentary and nascent organs ; 
for we can judge only by analogy whether a part is capable of 
further development, in which case alone it deserves to be called 
nascent. Organs in this condition will always be somewhat rare ; 
for beings thus provided will commonly have been supplanted by 
their successors with the same organ in a more perfect state, and 
consequently will have become long ago extinct. The vdng of the 
penguin is of high service, acting as a fin; it may, therefore, 
represent the nascent state of the wing : not that I believe this to 
be the case; it is more probably a reduced organ, modified for 
a new function : the wing of the Apteryx, on the other hand, is 
quite useless, and is truly rudimentary. Owen considers the 
simple filamentary limbs of the Lepidosiren as the ‘"beginnings 
of organs which attain full functional development in higher 
vertebrates;” but, according to the -view lately advocated by Dr. 
Giinther, they are probably remnants, consisting of the persistent 
axis of a fin, with the lateral rays or branches aborted. Tho 
mammary glands of the Ornithorhynchns may be considered, in 
comparison with the udders of a cow, as in a nascent condition. 
The ovigerous frena of certain eirripedes, which have ceased to 
^ve attachment to the ova and are feebly developed, are nascent 
branchiae. 

Rudimentary organs in the individuals of the same species are 
very liable to vary in the degree of their development and in other 
respects. In closely allied species, also, the extent to wMch the 
same organ has been reduced occasionally differs much. This 
latter fact is well exemplified in the state of the wings of femala 



375 


Chap. XIY.] AXD ABORTED ORGANS. 

jBotlis belonging to the same family. Rudimentary organs may 
be utterly aborted ; and tiiis implies, that in certain amnials or 
plants, parts are entirely absent which analogy would lead us to 
eiipect to find in them, and which are occasionally found in 
monstrous individuals. Thus in most of the Scropliulariaceie the 
fifth stamen is utterly aborted ; yet ^ye may conclude that a fifth 
stamen once existed, for a rudiment of it is found in many species 
of the family, and this rudiment occasionallj- becomes perfectly 
developed, as may sometimes be seen in the common snap-dragon. 
In tracing the homologies of any part in diiferent members of the 
same ekes, nothing is more common, or, in cider fully to under- 
stand the relations of the parts, more useful than the discovery of 
rudiments. This is well shown in the dra'^kngs given by Owen 
of the leg-]jone« of the horse, ox, and rhinoceros. 

It is an important fact that rudimentary organs, such as teeth 
in the upper jaws of whales and ruminants, can often be detected 
in the embryo, but afterwards wholly disappear. It is also, T 
believe, a universal rule, that a rudimentary part is of greater 
size in the embryo relatively to the adjoining parts, than in the 
adult ; so that the organ at this early age is less rudimentary, or 
even cannot be said to be in any degree rudimentary. Hence 
rudimentary organs in the adult are often said to have retained 
their embryonic condition. 

I have now given the leading facts with respect to rudimentary 
organs. In refiecting on them, every one must be struck with 
astonishment ; for the same reasoning power which tells us that 
most parts and organs are exquisitely adapted for certain purposes, 
tells us with equal plainness that these rudimentary or atrophied 
organs are imperfect and useless. In works on natural history, 
rudimentary organs are generally said to have been created “ for 
the sake of symmetry,” or in order “to complete the scheme of 
nature.” But this is not an exifianation, merely a re-statement 
of the fact. Nor is it consistent with itself : thus the boa- 
constrictor has rudiments of hind-limbs and of a pelvis, and if it 
be said that these bones have been retained “to complete the 
scheme of nature,” why, as Professor Weismann asks, have they 
not been retained by other snakes, which do not possess even 
a vestige of these same bones? What would be thought of an 
astronomer who maintained that the satellites revolve in elliptic 
courses round their planets “for the sake of symmetry,” because 
the planets thus revolve round the siin ? An eminent physiologist 
accounts foi" the presence of rudimentary organs, by supposing 
that they serve to excrete matter in excess, or matter injurious to 
the system ; but can we suppose that the minute papilla, which 
often represents the pistil in male flowers, and which is formed 
of mere cellular tissue, can thus act? Can we suppose that 
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rudimentary teeth, ■wliicli are subsequently absorbed, are beneficial 
to the rapidly growing embryonic calf by removing matter so 
precious as pliospliate of lime? When a man’s fingers have been 
amputated, imperfect nails have been known to appear on the 
stumps, and I could as soon believe that these vestiges of nails 
are developed in order to excrete horny matter, as that the 
rudimentary nails on the fin of the manatee have been developed 
for this same purpose. 

On the view of descent with modification, the origin of rudi- 
mentary organs is comparatively simple ; and we can understand 
to a large extent the laws governing their imperfect development. 
We have plenty of cases of rudimentary organs in our domestic 
productions, — as tlie stump of a tail in tailless breeds, — the 
vestige of an ear in earless breeds of sheep, — the reappearance of 
minute dangling horns in hornless breeds of cattle, more especially, 
according to Youatt, in young animals, — and the state of the 
whole flower in the cauliflower. We often see rudiments of 
"v^arious parts in monsters ; but I doubt whether any of these cases 
throw light on the origin of rudimentary organs in a state of 
nature, further than by showing that rudiments can be produced ; 
for the balance of evidence clearly indicates that species under 
nature do not undergo great and abrupt changes. But we learn 
from the study of our domestic productions that the disuse of 
parts leads to their reduced size ; and that the result is inherited. 

It appears probable that disuse has been the main agent in 
rendering organs rudimentary. It would at first lead by slow 
steps to the more and more complete reduction of a part, until at 
last it became rudimentary, — as in tiie case of the eyes of animals 
inliabiting dark caverns, and of the wings of birds inhabiting 
oceanic islands, which have seldom been forced by beasts of prey 
to take flight, and have ultimately lost the power of flying. 
Again, an organ, useful under certain conditions, might become 
injurious under others, as with the wings of beetles living on 
small and exposed islands ; and in this case natural selection will 
have aided in reducing the organ, until it was rendered harmless 
and rudimentary. 

Any change in structure and function, which can be effected by 
small stages, is within the power of natural selection; so that 
an organ rendered, through changed habits of life, useless or 
injurious for one purpose, might be modified and used for another 
purpose. An organ might, also, be retained for one alone of its 
former functions. Organs, originaUy formed by the aid of natural 
selection, when rendered useless may well be variable, for their 
variations can no longer be checked by natural selection. All 
this agrees well with what we see under nature. Moreover, at 
whatever period of life either disuse or selection reduces an 
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organ, ^ and tliis will generally be wben tbe being bas come to 
maturity and lias to exert its full powers of action, tlie principle 
of inlieritancc at corresponding ages -ftill tend to reproduce the 
organ in its reduced state at the same mature a,ge, but will seldom 
aflect it in the embryo. Thus we can understand the greater 
size of rudimentary organs in the embryo relatively to the 
adjoining parts, and their lesser relative size in the adult. If, for 
instance, the digit of an adult animal wms used less and less 
during many generations, ov,ing to some change of habits, or if 
an organ or gland was less and less functionally exercised, we 
may infer that it would become reduced in size in the adult 
descendants of this animal, but would retain nearly its original 
standard of development in the embrj'O. 

There remains, however, this difnculty. After an organ has 
ceased being used, and has become in consequence much reduced, 
how can it be still further reduced in size until the merest vestige 
is left ; and how can it be finally quite obliterated? It is scarcely 
possible tliat disuse can go on producing any further effect after 
the organ has once been rendered functionless. Some additional 
explanation is here requisite which I cannot give. If, for 
instance, it could be proved that every part of the organisation 
tends to vary in a greater degree towards diminution than 
towards augmentation of size, then we should be able to under- 
stand how an organ which has become useless would be rendered, 
independently of the effects of disuse, rudimentary and would at 
last be wholly suppressed ; for the variations towards diminished 
size would no longer be checked by natural selection. The 
principle of the economy of growth, explained in a former chapter, 
by which the materials forming any part, if not useful to the 
possessor, are saved as far as is possible, ivill perhaps come into 
play in rendering a useless part rudimentary. But this principle 
will almost necessarily be confined to the earlier stages of the 
process of reduction; for we cannot suppose that a minute 
papilla, for instance, representing in a male flower the pistil of 
the female flower, and formed merely of cellular tissue, could 
be further reduced or absoi*bed for the sake of economising 
nutriment. 

I'inally, as rudimentary organs, by whatever steps they may 
have been degraded into their present useless condition, are the 
record of a former state of things, and have been retained solely 
through the power of inheritance, — ^we can understand, on the 
genealogical view of classification, how it is that systematists, in 
placing organisms in their proper places in the natural system, 
have often found rudimentary parts as useful as, or even some- 
times more useful than, parts of high physiological importance* 
Eudimentary organs may be compart with the letters in a word, 
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still retained in tlie spelling, but become useless in tbe pronuncia- 
tion, but whicb. serve as a clue for its derivation. On tlio view of 
descent with modification, wo may conclude that the existence of 
organs in a rudimentary, imperfect, and useless condition, or quite 
aborted, far from presenting a strange difficulty, as they assuredly 
do on the old doctrine of creation, might even have been antici- 
pated in accordance with the views here explained. 

Summary, 

In this chapter I have attempted to show, that the arrangement 
of all organic beings throughout all time in groups under groups — 
that the nature of the relationships by which all living and extinct 
organisms are united by complex, I’adiating, and circuitous lines of 
affinities into a few grand classes, — the rules followed and the 
difficulties encountered by naturalists in their classifications, — the 
value set upon characters, if constant and prevalent, wheilier of 
high or of the most trifling importance, or, as with rudimentary 
organs, of no importance, — the wide opposition in value between 
analogical or adaptive characters, and characters of true affinity ; 
and other such rules ; — ^all naturally follow if we admit the coniinon 
parentage of allied fonns, together 'with their modification through 
variation and natural selection, '«uth the contingencies of extinc- 
tion and divergence of character. In considering this view of 
classification, it should be borne in mind that the element of 
descent has been universally used in ranking together the sexes, 
ages, dimorphic forms, and acknowledged varieties of the same 
species, however much they may differ from each other in struc- 
ture. If we extend the use of this element of descent, — the one 
certainly known cause of similarity in organic beings, — ■we shall 
understand what is meant by the Natural System : it is genea- 
logical in its attempted arrangement, with the grades of acrpiired 
difference marked by the terms, varieties, species, genera, families, 
orders, and classes. 

On this same view of descent with modification, mOvSt of the 
great facts in Morphology become intelligible, — whether we look 
to the same pattern displayed by the different species of the same 
class in their homologous organs, to whatever purpose applied ; or 
to the serial and lateral homologies in each individual animal and 
plant. 

On the principle of successive slight variations, not necessarily 
or generally supervening at a very early period of life, and being 
inherited at a corresponding period we can understand the leading 
facts in Embryology ; namely, the close resemblance in the indi- 
vidual embryo of the parts which are homologous, and %vhich 
when matured become widely different in structure and function ; 
and the resexnblance of the homologous parts or organs in allied 
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tliongli distinct species, tlioiigli fitted in tlie adult sitate for lia'bits 
as difiereiit as is possible. Larva) are active embryos, ••.Tliicli liave 
been specially iiiodified in a greater or less degree in relation to 
tlieir liabits of life, witli tlieir modifications inherited at a corre- 
sponding early age. On these same princixdes, — and bearing in 
iiiiiid that viien organs are reduced in size, either from disuse or 
through natural selection, it Trill generallj' be at that period of life 
Tvheii the being has to j^rovide for its own wants, and bearing in 
mind how strong is the force of inheritance — the occurrence of 
rudimentary organs might even have been anticipated. The im- 
portance of embryological characters and of rudimentary organs in 
classification is intelligible, on the view that a natural arrangement 
must be genealogical. 

Finally, the several classes of facts which have been considered 
in this chapter, seem to me to proclaim so plainly, that the innu- 
merable species, genera and families, with which this world is 
X^eopled, are all descended, each within its own class or group, 
from common parents, and have all been modified in the course of 
descent, that I should -without hesitation adopt this view, even if 
it were unsupported by other facts or arguments. 


CHAPTER XY. 

Recapitulation- and Conclusion. 

Eeeapitiilation of the objections to the theory of Natural Seleciioa — Eocapitu- 
iation of the general and special circumstances in its favour — Causes of 
the general belief in the iramutability of species — How far the theory of 
Natural Selection may be extended— Effects of its adoption on the study 
of Natural History — Concluding remarks. 

As this whole volume is one long argument, it may be convenient 
to the reader to have the leading facts and inferences briefly re- 
capitulated. 

That many and serious objections may be advanced against the 
theory of descent -with modification through variation and natural 
selection, I do not deny. I have endeavoured to give^ to them 
their full force. Nothing at first can appear more difficult to 
believe than that the more complex organs and instincts have been 
perfected, not by means superior to, though analogous vrith, 
human reason, but by the accumulation of innumerable slight 
variations, each good for the individual possessor. Nevertheless, 
this difficulty, though appearing to our imagination insuperably 
great, cannot be considered real if we admit the following propo^ 



880 EECAPITTTLATION. [Ohap. St. 

sitions, namely, tliat all parts of tlie organisation and instincts 
offer, at least, individual differences — that there is a struggle for 
existence leading to the preservation of profitable deviations of 
structure or instinct — and, lastly, that gradations in the state of 
perfection of each organ may have existed, each good of its kind. 
The truth of these propositions cannot, I think, be disputed. 

It is, no doubt, extremely difficult even to conjecture by what 
gradations many structures have been perfected, more especially 
amongst broken and failing groups of organic beings, which have 
suffered much extinction ; but we see so many strange gradations 
in nature, that we ought to be extremely cautious in saying that 
any organ or instinct, or any whole structure, could not have 
arrived at its present state by many graduated steps. There are, 
it must be admitted, cases of special difficulty opposed to the 
theory of natural selection ; and one of the most curious of these 
is the existence in the same community of two or three defined 
castes of workers or sterile female ants ; but I have attempted to 
show how these difficulties can be mastered. 

With respect to the almost universal sterility of species when 
first crossed, which forms so remarkable a contrast with the almost 
universal fertility of varieties when crossed, I must refer the 
reader to the recapitulation of the facts given at the end of the 
ninth chapter, which seem to me conclusively to show that this 
sterility is no more a special endowment than is the incapacity of 
two distinct kinds of trees to be grafted together ; but that it is 
incidental on differences confined to the reproductive systems of 
the intercrossed species. We see the truth of this conclusion in 
the vast difference in the results of crossing the same two species 
reciprocally, — that is, when one species is first used as the father 
and then as the mother. Analogy from tho consideration of 
dimorphic and trimorphic plants clearly leads to the same conclu- 
sion, for when the forms are illegitimately united, they yield few 
or no seed, and their offspring are more or less sterile ; and these 
forms belong to the same undoubted species, and differ from each 
other in no respect except in their reproductive organs and 
functions. 

idthough the fertility of varieties when intercrossed and of 
their mongrel offspring has been asserted by so many authors to 
be universal, this cannot be considered as quite correct after the 
facts given on the high authority of Gartner and Kolreuter. 
Most of the varieties which have been experimented on have been 
produced under domestication ; and as domestication (I do not 
mean mere confinement) almost certainly tends to eliminate that 
sterility which, judging from analogy, would have affected the 
parent-species if lintercrossed, we ought not to expect that domesti- 
cation would likewise induce sterility in their modified descendants 
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when crossed. This elimination of sterility apparently follows 
from the same cause which allows our domestic animals to breed 
freely under diversified circumstances ; and this again apparently 
follows from their having been gradually aeciistomed to frequent 
changes in their conditions of life. 

A double and parallel series of facts seems to throw much light 
on the sterility of species, when first crossed, and of their hybrid 
offspring. On the one side, there is good reason to believe that 
slight changes in the conditions of life give vigour and fertility to 
all organic beings. We know also that a cross between the dis- 
tinct individuals of the same variety, and between distinct varie- 
ties, increases the number of their offspring, and certainly gives to 
them increased size and vigour. This is chielly ov-diig to the forms 
which are crossed having been exposed to somewhat different con- 
ditions of life ; for I have ascertained by a laborious series of 
experiments that if all the individuals of the same variety be sub- 
jected during several generations to the same conditions, the good 
derived from crossing is often much diminished or wholly disap- 
pears. This is one side of the case. On the other side, we know 
that species which have long been exposed to nearly uniform con- 
ditions, when they are subjected under confinement to new and 
greatly changed conditions, either perish, or if they survive, are 
rendered sterile, though retaining perfect health. This does not 
occur, or only in a very slight degree, with our domesticated pro- 
ductions, which have long been exposed to fluctuating conditions. 
Hence when wo find that hybrids produced by a cross between 
two distinct species are few in number, owing to their perishing 
soon after conception or at a very early age, or if surviving that 
they are rendered more or less sterile, it seems highly probable 
that this result is due to their having been in fact subjected to a 
great change in their conditions of life, from being compounded 
of two distinct organisations. He who vdll explain in a definite 
manner why, for instance, an elephant or a fox will not breed 
under confinement in its native country, whilst the domestic pig 
or dog will breed freely under the most diversified conditions^ 
wU at the same time be able to give a definite answer to the 
question why two distinct species, when crossed, as well as their 
hybrid offspring, are generally rendered more or less sterile, wMlst 
two domesticated varieties when crossed and their mongrel off- 
spring are perfectly fertile. 

Turning to geographical distribution, the difficulties encountered 
on the theory of descent with modification are serious enough. 
All the individuals of the same species, and all the species of the 
same genus, or even higher group, are descended from common 
parents ; and therefore, in however distant and isolated parts of 
the world they may now be found, they must in the course of suo- 
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cessiye generations have travelled from some one point to all the 
others. We are often wholly unable even to conjecture how this 
could have been eheeted. Yet, as we have reason to believe that 
some species have retained the same specific form for very long 
periods of time, immensely long as measured by years, too much 
stress ought not to be laid on the occasional vide diJfusion of the 
same species ; for during* very long periods there will always have 
been a good chance for wide migration by many means. A broken 
or interrupted range may often be accounted for by the extinction 
of the species in the intermediate regions. It cannot be denied 
thatw’e are as yet very ignorant as to the full extent of the various 
climatal and geographical changes which have affected the earth 
during modern periods ; and such changes vill often have faciii- 
tirted migration. As an example, I have attempted to show how 
potent has been the influence of the Glacial period on the distri- 
bution of the same and of allied species throughout the world. 
We are as yet profoundly ignorant of the many occasional means 
of transport. With respect to distinct si^ecies of the same genus 
inhabiting distant and isolated regions, as the process of modifica- 
tion has necessarily been slow, all the means of migration will 
have been possible during a very long period ; and conscqiiejitly 
the difficulty of the wide diffusion of the species of the same genus 
is in some degree lessened. 

As according to the theory of natural selection an interminable 
number of intermediate forms must have existed, linking together 
all the species in each group by gradations as fine as are our exist- 
ing varieties, it may be asked, "TOy do wo not see these Unking 
forms all around us? Why are not all organic beings blended 
together in an inextricable chaos ? With respect to existing formsj 
we should remember that we have no right to expect (excepting 
in rare cases) to discover directly connecting links between them, 
but only between each and some extinct and supplanted form. 
Even on a wide area, which has during a long period remained 
continuous, and of which the climatic and other conditions of life 
change insensibly in proceeding from a district occupied by one 
species into another district occupied by a closely allied .species, 
•we have no just right to expect often to find intermediate varieties 
in the intermediate zones. For we have reason to believe that 
only a few species of a genus ever undergo change ; the other 
species becoming utterly extinct and leaving no modified x)rogeny. 
Of the species which do change, only a few within the same 
country change at the same time ; and all modifications are slowly 
effected. 1 have also shown that the intermediate varieties which 
probably at first existed in the intermediate zones, would be liable 
to be supplanted by the allied forms on either hand ; for the latter, 
from existing in greater ntunbers, woul<i generally be modified and 
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improved at a quicker rate than the intermediate varieties, wliieli 
existed in iesbor numbers ; so that the intermediate varieties v’oiild, 
in the long run, be supplanted and exterminated. 

On this doctrine of the extermination of an infinitude of con- 
necting iinkvS, between the living and extinct inhabitants of the 
world, and at each successive period between the extinct and still 
older species, why is not every geological formation charged vitli 
such links ? Wliy does not every collection of fossil remains afford 
plain evidence of the gmdation and mutation of the forms of hfe 1 
Although geological research has undoubtedly revealed the former 
existence of many links, bringing numerous forms of life much 
closer together, it does not yield the infinitely many fine gradations 
between past and present species required on the theory ; and this 
is the most o]3vious of the many objections which may be urged 
against it. Yfhy, again, do ■whole groups of allied species appear, 
though this appearance is often false, to have come in suddenly on 
the siiccessiye geological stages? Although we now know that 
organic beings appeared on tins globe, at a period incalculably 
remote, long before the lowest bed of the Cambrian system was 
deposited, wiiy do we not find beneath this system, groat piles of 
strata stored with the remains of the progenitors of the Cambrian 
fossils ? For on the theurjg such strata must somewhere have been 
deposited at these ancient and utterly unknown epochs of the 
world’s history. 

I can answer these questions and objections only on the suppo- 
sition that the geological record is far more imperfect than most 
geologists believe. The number of specimens in all our jiiuseums 
is absolutely as notliing compared wdth the countless generations 
of countless species which have certainly existed. The parent- 
form of any two or more species would not be in all its character 
directly intermediate between its modified offspring, any more 
than the rock-pigeon is directly intermediate in crop and tail 
between its descendants, the pouter and fantail pigeons. We 
should not be able to recognise a species as the parent of another 
and modified species, if we were to examine the two ever so 
closely, unless we possessed most of the intermediate links ; and 
owing to the imperfection of the geological record, we have no 
just right to expect to find so many links. If two or three, or 
even more linking forms were discovered, they would simply 
bo ranked by many naturalists as so many new species, more 
especially if found in different geological sub-stages, let their 
differences be ever so slight. Numerous existing doubtful forms 
could be named which are probably varieties ; but who will pre- 
tend that in future ages so many fossil links will be discovered, 
that naturalists will be able to decide ■whether or not these doubt- 
ful forms ought to be called varieties ? Only a small portion of 
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til© world lias been geologically explored. Only organic beings of 
certain classes can be preserved in a fossil condition, at least in 
any great number. Many species when once formed never undergo 
any further change but become extinct without leaving modified 
descendants ; and the periods, during which species have under- 
gone modification, though long as measured by years, have pro- 
bably been short in comparison with the periods during which 
they retained the same form. It is the dominant and widely 
ranging species which vary most frequently and vary most, and 
varieties are often at first local — ^both causes rendering the dis- 
covery of intermediate links in any one formation less likely. 
Local varieties will not spread into other and distant regions until 
they are considerably modified and improved; and when they 
have spread, and are discovered in a geological formation, they 
appear as if suddenly created there, and will be simply classed as 
new species. Most formations have been intermittent in their 
accumulation ; and their duration has probably been shorter than 
the average duration of specific forms. Successive formations are 
in most cases separated from each other by blank intervals of 
time of great length ; for fossiliferous formations thick enough to 
resist future degradation can as a general rule he accumulated 
only where much sediment is deposited on the subsiding bed of 
the sea. During the alternate periods of elevation and of stationary 
level the record will generally be blank. During these latter 
periods there will probably be more variability in the forms of life ; 
during periods of subsidence, more extinction. 

With respect to the absence of strata rich in fossils beneath the 
Cambrian formation, I can recur only to the hypothesis given in 
the tenth chapter; namely, that though our continents and oceans 
have endured for an enormous period in nearly their present rela- 
tive positions, we have no reason to assume that this has always 
been the case; consequently formations much older than any now 
known may lie buried beneath the great oceans. With respect to 
the lapse of time not having been suflacient since our planet was 
consolidated for the assumed amount of organic change, and this 
objection, as urged by Sir William Thompson, is probably one of 
the gravest as yet advanced, I can only say, firstly, that we do not 
know at what rate species change as measured by years, and 
secondly, that many philosophers are not as yet willing to admit 
that we know enough of the constitution of the universe and of the 
interior of our globe to speculate with safety on its past duration. 

That the geological record is imperfect all will admit ; but that 
it is imperfect to the degree required by our theory, few will b© 
inclined to admit. If we look to long enough intervals of time, 
geology plainly declares that species have all changed ; and they 
have changed in the manner required by the theory, for they ha?0 
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cliaiiged slovdy and in a graduated manner. Tde elaarl)^ iec iliiti 
in tlie fossil remains from consecutive formations invariably being 
mucli more closely related to each other, than are the fossils from 
\ widely separated formations. 

(Such is the sum of the sevein.! chief objections and diificuliies 
which may be justly urged against the theory ; and I have now 
briefly recaiiitulated the answers and explanations which, as far 
as I can see, may be given. I have felt the.sQ difliculties far too 
heavily during many years to doubt their weight. But it deserves 
especial notice that the more important objections relate to ques- 
tions on which we are confessedly ignorant ; nor do w e know how 
ignorant we are. We do nob know all the possible transitional 
gradations between the simplest and the most perfect organs ; it 
cannot be protended that -we know all the varied means of Distri- 
bution during the long lapse of j'-sars, or that we know how im- 
perfect is the Geological Record. Serious as these several obj ections 
are, in my judgment they are by no means sutScient to overthrow 
the theory of descent unth subsequent modification. 

Now let us turn to the other side of the argument. Under 
domestication we see much variability, caused, or at least e.xcited, 
by changed conditions of life ; but often in .so obscure a manner, 
that WG are tempted to consider the variations as spontaneous. 
Variability is governed by many complex law's, — by correlated 
growth, compensation, the increased use and disuse of parts, and 
the definite action of the surrounding conditions. There is much 
difficulty in ascertaining how largely our domestic productions have 
been modified ; but we may safely infer that the amount has been 
large, and that modification can be inherited for long periods. As 
long as the conditions of life remain the same, w^e have reason to 
believe that a modification, which has already been inherited for 
many generations, may continue to be inherited for an almost 
infinite number of generations. On the other hand, we have 
evidence that variability when it has once come into play, does 
not cease under domestication for a very long period ; nor do we 
know that it ever ceases, for new varieties are still occasionally 
produced by our oldest domesticated j)roductions. 

Variability is not actually caused by man; he only unintention- 
ally exposes organic beings to new conditions of life, and then 
nature acts on the organisation and causes it to vary. But man 
can and does select the variations given to him by nature, and 
thus accumulates them in any desired manner. He thus adapts 
animals aud plants for his own benefit or pleasure. He may do 
this methodically, or he may do it unconsciously by preseping the 
individuals most useful or pleasing to Mm without any intention 
of altering the breed. It is certain that he can largely influence 
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tlie cliaracter of a breed by selecting, in each successive generation, 
individual dilferences so slight as to be inappreciable except by 
an educated eye. This unconscious process of selection has been 
the great agency in the fonnatioii of the most distinct and useful 
domestic breeds. That many breeds produced by man have to 
a large extent the character of natural species, is sho^vm by tho 
inextricable doii])ts whether many of them are varieties or abori- 
ginally distinct species. 

There is no reason why the i)rmciplos which have acted so 
efficiently under domestication should not have acted under nature. 
In the survival of favoured individuals and races, during the con- 
stantly-recnrrent Struggle for Existence, wo see a powerful and 
ever-acting form of Selection. The struggle for existence inevi- 
tably follows from the liigh geometrical ratio of increase wdiich is 
common to all organic beings. This high rate of increase is 
proved by calculation, — by the rapid increase of luan^^ animals 
and plants during a succession of peculiar seasons, and when natu- 
ralised in new countries. More individuals are born Ilian nan 
possibly survive. A grain in the balance may doterminc wliich 
individuals shall live and which shall die, — which variety or species 
shall increase in number, and which shall decrease, or ibially 
become extinct. As the individuals of the same species come in 
all respects into the closest competition with each other, llic 
straggle -wdli generally be most severe between them ; it "will be 
almost equally severe between the varieties of the same species, 
and next in severity betw'een the species of the same genus. On 
the other hand the straggle will often be severe between beings 
remote in the scale of nature. The slightest advantage in cei’tain 
individuals, at any age or during any season, over those with which 
they come into competition, or better adaptation in however slight 
a degree to the surrounding physical conditions, will, in tho long 
run, turn the balance. 

With animals having separated sexes, thero will be in most 
cases a struggle between the males for the possessioxr of tlie 
females. The most vigorous males, or those which have most 
successfully struggled with their conditions of life, will generally 
leave most progeny. But success will often depend on tlie males 
having special wea])ons, or means of defence, or charms; and a 
slight advantage will lead to victory. 

As geology plainly proclaims that each hand has undergone 
great physical changes, we might have expected to find that 
organic beings have varied under nature, in the same way as 
they have varied under domestication. And if there has been any 
variability under nature, it would be au unaccountable fa<it if 
natural selection had not come into play. Tt has often been 
asserted, but the assertion is incapable of proof, that the amount 
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oi TariatioQ under natnro is a strictly limited qiisutir-, Man, 
ijioiigli acting on external clmraetcrs alone and often capri- 
ciously, can produce %vitliin a sltort period a great result by adding 
up mere iiidiTiuiird difiereuces in bis domestic productions ; and 
everyone admits tliat s^iecies presojit individual dilierences. But, 
!>Gsldes siicli dilTerences, all naiurab.-^ls aduiii:; tliat natural varie- 
ties GxisG, vrliicli are concidered suliicieiitly <listiuct to be worthy 
of record in systematic tenrks. iSTo one lias drawn any clear 
distinction Isotwecn inditidual diifereiices and slight varieties; 
or |•ict\v’'ec^l incrro plainly inaihed ■^ariecios and siib-s'pecies, and 
species. On sej/iirate coiitineuts, and on diderent purls of the 
same coiitiiiont v.-lien divided by I .arriers of any kind, and on out- 
lying islands, 'irliac a mrjtltuJc of forms exist, wliicli some expe- 
rieneed naciiralists rank as \a.iie'des, others ss goograpliical races 
or siili-rtpccics, and others as distinct, thougli closely allied species I 

If then, animal i an,! plants do vary, let it: be c\ or so slightly or 
slo-'.diy, why vslioiild n-’t variations or individual diiiereiice.3, which 
are in any way bcneheial, be pre.^eiaod and accumulated through 
natural selection, or the survival of the littest? if man can by 
patience select variations useful to him, why, under changiiig and 
complex conditions of life, should not variations useful to nature’s 
living products often arise, and bo preserved or selected ? 
limit can I'C put to this power, acting during long ages and rigidly 
scratiiiising the whole constitution, structure, and liab-its of each 
creature, — favouring the good and rejecting the bad? I can see 
no limit to this power, in slowly and beautifully adapting each 
form to the most complex relations of life. The iheory of natural 
selection, oven if "w e look no farther than this, seems to bo in the 
highest degree probable. I have already rceapiiulated, as fairly 
as I could, the opposed difiicuities and objections ; now let us turn 
to the special facts and arguments in favour of the theory. 

On the view that species are only strongfy marked and perma- 
nent varieties, and that each species first existed as a variety, we 
can see why it is that no line of demarcation can be drawn between 
species, commonly siqiposed to have been produced by special acts 
of creation, and varieties which are acknowledged to have been 
produced by secondary laws. On this same view we can under- 
stand how it is that in a region where many species of a genixs 
have been produced, and where they now flourish, these same 
species should jnesent many varieties ; for where the manufactory 
of species has been active, we might expect, as a general rule, 
to find it still in action; and this is the case if varieties be 
incipient rpccics. Moreover, the species of the larger genera, 
which afford the greater number of varieties or incipient species, 
retain to a certain degree the character of varieties; for they 
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difier from eacli other by a less amount of difterence than do 
the species of smaller genera. The closely allied species also of 
the larger genera apparently have restricted ranges, and in Iheir 
affinities they are clustered in little groups round other species — 
in both respects resembling varieties. These are strange relatiomi 
on the view that each species was independently created, but are 
intelligible if each existed first as a variety. 

As each species tends by its geometrical rate of reproduction to 
increase inordinately in number ; and as the modified descendants 
of each spjecies will be enabled to increase by as much as they 
become more diversified in habits and structure, so as to be able 
to seize on many and widely different places in the economy of 
nature, there will be a constant tendency in natural selection to 
preserve the most divergent offspring of any one species. Hence, 
during a long-continued course of modification, the slight differ- 
ences characteristic of varieties of the same species, tend to be 
augmented into the greater differences characteristic of the species 
of the same genus, New and improved varieties will inevitably 
supplant and exterminate the older, less improved, and inter- 
mediate varieties ; and thus species are rendered to a large extent 
defined and distinct objects. Dominant species belonging to the 
larger gi’oups within each class tend to give birth to now and 
dominant forms ; so that each largo group tends to become still 
larger, and at the same time more divergent in character. But as 
all groups cannot thus go on increasing in size, for tlie world 
would not hold them, the more dominant groups beat the less 
dominant. This tendency in the large groups to go on increasing 
in size and diverging in character, together with the inevitable 
contingency of much extinction, explains the arrangement of all 
the forms of life in groups subordinate to groups, ail within a few 
great classes, which has prevailed throughout all time. This grand 
fact of the grouping of all organic beings under what is called the 
Natural System, is utterly inexplicable on the theory of creation. 

As natural selection acts solely by accumulating slight, succes- 
sive, favourable variations, it can produce no great or sudden 
modifications ; it can act only by short and slow steps. Hence, 
the canon of “ Natura non facit saltum,” which every fresh addi- 
tion to our knowledge tends to confirm, is on this theory intelligible. 
We can see why throughout nature the same general end is gained 
by an almost infinite diversity of means, for every peculiarity 
when once acquired is long inherited, and structures already modi- 
fied in many different ways have to be adapted for the same 
general purpose. We can, in short, see why nature is prodigal in 
variety, though niggard in innovation. But why thivS should be a 
law of nature if each species has been independently created no 
man can explain. 
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Many other facts are, as it seems to me, esplicable on this 
theory. How strange it is that a bird, under the form of a wood- 
pecker, sliouid prey ou insects on the ground; that upland geese 
which rarely or never swim, should possess webbed feet ; that a 
thrusli-like bird should dive and feed on sub-aqua tic insects ; and 
that a petrel should have the habits and structure fitting it for 
the life of an auk! and so in endless other case^. jhit on the 
view of each species constantly trying to increa-e in number, 
with natural selection alwa3’s ready to adapt the slowdy varying 
descendants of each to an5?' unoccupied or ill-occrL]>ied place in 
nature, these facts cease to be strange, or inigiii ei’en have been 
anticipated. 

We can to a certain extent understand how it is that there is so 
much beauty throughout nature; for this may be Iragely attributed 
to the agency of selection. That beauty, according to our sense 
of it, is not universal, must be admitted by every one wdio w'lil 
look at some venomous snakes, at some hslies, and at certain 
hideous bats wdth a distorted resemblance to the human face. 
Sexual selection has given the most brilliant colours, elegant 
patterns, and other ornaments to the males, and sometimes to 
both sexes of many birds, butterflies, and other animals. With 
birds it has often rendered the voice of the male musical to the 
female, as w'^ell as to our ears. Flowers and fruit have been 
rendered consiiicuous by brilliant colours in contrast with the 
green foliage, in order that the flowers may be easily seen, visited, 
and fertilised by insects, and the seeds disseminated by birds. 
How it comes that certain colours, sounds, and forms should give 
pleasure to man and the lower animals, — that is, how the sense of 
beauty in its simplest form was first acquired, — we do not know 
any more than how^ certain odours and flavours were first rendered 
agreeable. 

As natural selection acts by competition, it adapts and improx'es 
the inhabitants of each country only in relation to their co-inhabi- 
tants ; so that we need feel no surprise at the species of any one 
country, although on the ordinary view supposed to have been 
created and specially adapted for that country, being beaten and 
supiilanted by the naturalised productions from another land. 
aSTor ought we to marvel if all the contrivances in nature be not, 
as far as we can judge, absolutely perfect, as in the case even of 
the human eye ; or if some of them he abhorrent to our ideas of 
fitness. We need not marvel at the sting of the bee, when used 
against an enemy, causing the bee's own death ; at drones being 
produced in such great numbers for one single act, and being then 
slaughtered by their sterile sisters ; at the astonishing waste of 
pollen by our fir-trees ; at the instinctive hatred of the queen-bee 
for her own fertile daughters; at ichneumonidie feeding within 
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tlie living bodies of caterpillars; or at otbor suck caFies. Tlio 
wonder indeed is, on tlie tlicuiy of naltiral selection, tliat more 
cases of tlio want of absolute perfection have not been defected. 

The eomx:)lex; and little known laws governing tlie iiroduction 
of vaiieties are the same, as far as we can judge, v/itli the laws 
which have governed the xn’oduetion of distinct species. In both 
rases physical conditions seem to have produced some direct and 
definite effect, but how much we cannot say. Ilius, when varieties 
enter any new station, they occasionally assume some of the 
characters proper to the species of that station. WitJi both 
varieties and species, use and disuse seem to have x)roducc3d a con- 
siderable effect ; for it is impossible to I'esist this conclusion wdien 
we look, for instance, at the logger-headed duck, wliieli has wings 
incapable of flight, in neaily the same comliiion as in the doniesLic 
duck; or when wo look at the burro vmig tiicii-tiicu, which is 
occasionally blind, and then at certain moles, which are habitually 
blind and have their eyes covered wdtli skin; or vdieii we look at 
the blind animals inhabiting the dark caves of America and 
Europe. With varieties and species, correlated ^arialArn seems to 
have played an important part, so that wEen one part hrs been 
modified other parts have been necessarily modiiicd. ^/Ith both 
varieties and species, revei'sions to long-lost characters occasioniilly 
occur. How^ inexplicable on the theoiy of creation is tlie occasional 
appearance of stri])es on the shoulders and legs of scweini 
species of the horse-genus and of their hybrids ! 11 ow simx)ly 
is this fact explained if wo believe that these species are all 
descended from a striped progenitor, in the Starne manner as 
the several domestic breeds of the pigeoji are descended from the 
blue and barred rock-pigeon t 

On the ordinary view of each species having been independently 
created, why should specific characters, or those by which the 
species of the same genus differ from each other, be mure variable 
than generic characters in which they all agree? Why, for 
instance, should the colour of a flow^cr he more likely to vary in 
any one species of a genus, if the other species i)ossess diftcrouily 
coloured flowers, than if all possessed the same (toloured fiowors'l 
If species are only well-marked varieties, of wdiich tlie ciiarad-ers 
have become in a high degree permanent, we can understand this 
fact; for they have already varied since they braucliod off iVoiii a 
common progenitor in certain characters, by wkicii they have come 
to be specifically distinct from each other; therefore these same 
characters would be more likely again to vary than tnc generic 
characters w^hich have been inherited without change for an 
immense period. It is inexplicable on tb© theory of creation why 
a part developed in a very untusual manner in one species alone of 
a genus, and therefore, as we may naturally infer, of great import- 
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aiice to tlmt si)ccle3, sliould be eminently liable to variation ; but, 
on our view, tbis part lias undergone, since tlie several species 
bran died ofl‘ froin a common progenitor, an unusual amount o£ 
variability and niodilicaiion, and therefore we mlslit expect tlie 
part generally to be still variable. But a part may be developed 
ill tlio most unusual manner, like the uing of a bat, and yet not be 
more variable tliaii any other sinicture, if the part be common to 
many subordinate forms, that is, if it lias been inlierited for a very 
long period; for in Lius case it irlll lia\e been rendered constant 
by long-continued natural selection. 

Glancing at instincts, marvellous as some are, they offer no 
greater difficulty than do corporeal structures on the theory of the 
natural selection of suceessivc, slight, but profftable modifications. 
We can thus understand why natuie moves by graduated sie-prs in 
endov iiig different aninicals of the same class with their several 
instincts. I have attempted to show how much light the principle 
ot gradation tJirows on tlie admirable architectural jiowers of the 
hivc-bee. Habit no doubt often comes into iilay in modifying 
iustincts; but it certainly is not indispensable, as ive see in the 
case of neuter insecis, which leave no progeny to inherit the effects 
of long-continued habit. On the view of all the species of the 
same genus having descended from a common parent, and having 
inlierited much in common, vre can understand how it is that 
allied species, when placed under w'idely different conditions of 
life, yet follow nearly the same instincts; wiiy the thrushes of 
tropica] and temperate South America, for instance, line their 
nests witli mud like our British species. On the view of instincts 
having been slowly acquired through natural selection, we need 
not marvel at some instincts being not perfect and liable to mis- 
talies, and at many instincts causing ofciier animals to suffer. 

If species be only well-marked and permanent varieties, wo can 
at once see why their crossed offspring should follow the same 
complex laws in their degrees and kinds of resemblance to their 
parents, — in being absorbed into each other by successive crosses, 
and in oilier such points, — as do the crossed offspring of acknow^ 
ledged varieties. This similarity would be a strange fact, if 
species had been independently created and varieties had been 
produced through vsccondary laws. 

If we admit that the geological record is imperfect to an extreme 
degree, then tlie facts, which the record does give, strongly support 
the theory of descent with modification. New species have come 
on the stage slowly and at successive intervals ; and ffhe amount 
of change, after equal intervals of time, is widely different in 
different groups. The extinction of species and of whole groups 
of sxiecies, which has jdayed so conspicuous a part in the history 
of the organic world, almost inevitably follows from the principle 
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of natural selection; for old forms are supiDlanted by now aiicl 
improved forms. Neither single species nor groups of species 
reappear when the chain of ordinary generation is once broken. 
The gradual diffusion of dominant forms, with the slow modifi- 
cation of their descendants, causes the forms of life, after long 
intervals of time, to appear as if they had changed simultaneously 
throughout the world. The fact of the fossil remains of each 
formation being in some degree intermediate in character between 
the fossils in the formations above and below, is simply explained 
by their intermediate position in the chain of descent. The grand 
fact that all extinct beings can be classed with all recent beings, 
naturally follows from the living and the extinct being the off- 
spring of common parents. As species have generally diverged in 
character during their long course of descent and modification, we 
cam understand why it is that the more ancient forms, or early 
progenitors of each group, so often occupy a position in some 
degree intermediate between existing groups. Eecent forms are 
generally looked upon as being, on the whole, higher in the scale 
of organisation than ancient forms ; and they must be higher, in 
so far as the later and more improved forms have conquered the 
older and less improved forms in the struggle for life ; they have 
also generally had their organs more specialised for different 
functions. This fact is perfectly compatible with numerous beings 
still retaining simple and but little improved structures, fitted for 
simple conditions of life; it is likewise compatible -with some 
forms having retrograded in organisation, by having become at 
each stage of descent better fitted for new and degraded habits of 
life. Lastly, the wonderful law of the long endurance of allied 
forms on the same continent,— of marsupials in Australia, of 
edentata in America, and other such cases, — is intelligible, for 
within the same country the existing and the extinct wfili bo 
closely allied by descent. 

Looking to geographical distribution, if we admit that there 
has been during the long course of ages much migration from one 
part of the world to another, owing to former cHmatal and 
geographical^ changes and to the many occasional and unknown 
means of dispersal, then we can understand, on the theory of 
descent with modification, most of the great leading facts in 
Distribution. TVe can see why there should be so striking a 
parallelism ^in the distribution of organic beings throughout space, 
and in their geological succession throughout time; for in both 
cases theilseings have been connected by the bond of ordinary 
generation, and the means of modification have been the same. 
We see the full meaning of the wonderful fact, which has struck 
every traveller, namely, that on the same continent, under the 
most diverse conditions, under heat and cold, on mountain and 
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lowlandj on deserts and marshes, most of the inhabitants within 
each great class are plainly related ; for they are the descendants 
of the same progenitors and early colonists. On this same 
piinciple of former migration, combined in most cases with modi- 
fication, we can iiiidersUnd, by the aid of the Glacial period, the 
identity of some few plants, and the close alliance of many others, 
on the most distant mountains, and in the northern and soiitliem 
temperate zones; and likewise the close alliance of some of the 
inhabitants of tlie sea in the northern and southern temperate 
latitudes, though separated by the whole intertropical ocean. 
Although two countries may present physical conditions as closely 
similar as the same species ever require, w'e need feel no surprise 
at their inhabitants being widely diiierent, if they have been for 
a long period completely sundered from each other; for as the 
relation of organism to organism is the most important of all 
relations, and as the two countries will have received colonists 
at various periods and in different proportions, from some other 
country or from each other, the course of modification in the two 
areas will inevitablj^ have been different. 

On this view of migration, with subsequent modification, we 
see why oceanic islands are inhabited by only few species, but of 
those, why many are peculiar or endemic forms. We clearly see 
why species belonging to those groups of animals which cannot 
cross wide spaces of the ocean, as frogs and terrestrial mammals, 
do not inhabit oceanic islands ; and why, on the other hand, new 
and peculiar species of bats, animals which can traverse the ocean, 
are often found on islands far distant from any continent. Such 
cases as the presence of peculiar siiecies of bats on oceanic islands 
and the absence of all other terrestrial mammals, are facts utterly 
inoxplicaljle on the theory of independent acts of creation. 

The existence of closely allied or representative species in any 
two areas, implies, on the theory of descent with modification, that 
the same parent-forms formerly inhabited both areas: and we 
almost invariably find that wherever many closely allied species 
mhabit two areas, some identical species are still common to both. 
Wherever many closely allied yet distinct species occur, doubtful 
forms and varieties belonging to the same groups likewise occur. 
It is a rule of high generality that the inhabitants of each area are 
related to the inhabitants of the nearest source whence immigrants 
might have been derived. We see this in the strilring relation of 
nearly all the plants and animals of the Galapagos archipelago, 
of Juan Fernandez, and of the other American islands, to the 
plants and animals of the neighbouring American mainland ; and 
of those of the Cape do Yerde archipelago, and of the other 
African islands to the African mainland. It must be admitted 
that these facts receive no explanation on the theory of creation. 
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TLe fact, as wo liave seen, tliat all past ami present ori'anlo 
beings can be arranged within a few groat classes, in groups 
subordinate to groups, and Avith the extinct groups often falling 
in between the recent groups, is intelligible on the theory of 
natural selection with its contingencies of extinction and diver- 
gence of character. On these same principles we see how it is, 
that the mutual affinities of the lomis witliin eacJi class are so 
complex and circuitous. We see w^hy certain clmraciers are fer 
more serviceable than others for classification; — why adaptive 
characters, though of paramount importance to the beings, are of 
hardly any importance in classification; -why characters derived 
from rudimentary parts, though of no service to the beings, are 
often of high classificatory value; and wdiy embryological charac- 
ters are often the most valualJe of all. The real afiinitios of 
all organic beings, in contradistinction to their adaptive resem- 
blances, are due to inheritance or community of descent. Tlie 
Natural System is a genealogical arrangement, avHIj the acquired 
grades of difierence, marked hy tlie tcims, Aaricties, species, 
genera, families, &c. ; and we have to discover the fines of descent 
by the most permanent characters whatever they may be and of 
however slight vital importance. 

The similar framework of bones in the hand of a man, wing of 
a bat, fin of the porpoise, and leg of the liorso, — tlie same numl^or 
of vertebrae forming the neck of the girafic and r«f the elephant, — 
and innumerable other such facts, at once explain tlioni selves on 
the theory of descent with slow and slight successive mocUli cations. 
The similarity of pattern in the mng and in the log of a bat, 
though used for such different purpose,— in the jaws and legs of a 
crab, — in the petals, stamens, and pistils of a flower, is likewise, 
to a large extent, intelligible on the view of the gradual modifica- 
tion of parts or organs, which were aboriginally alike in an early 
progenitor in each of these classes. On the principle of successive 
variations not always supervening at an early age, and being in- 
herited at a corresponding not early period of life, we clearly see 
why the embiyos of mammals, birds, reptiles, and fishes should be 
so closely similar, and so unlike the adult forms. We may cease 
marvelling at the embryo of an air-breathing mammal or bird 
having branchial slits and arteries running in loops, like those 
of a fish which has to breathe the air dissolved in water by tlie 
aid of well-developed branchi;^. 

Disuse, aided sometimes by natural selection, will often have 
reduced organs when rendered useless under clianged habits or 
conditions of life; and we can understand on this view the mean- 
ing of rudimentary organs. But disuse and selection will gen erally 
act on each creature, when it has come to maturity and has to 
play its Ml part in the struggle for existence, and will thus have 
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little ]JOweroii an organ during early life; lienee Llie organ Tdll 
not be reduced or rendered rudimentary at tliis early age. The 
calf, for instance, lias inherited teeth, which never cut through the 
gums of the upper jaw, from an early progenitor having well- 
developed teeth ; and we may believe, that the teeth in the mature 
animal were formerly reduced by disuse, owing to the tongue and 
palate, or lips, lip.ving become excellently titled through natural 
selection to browse without their aid; whereas in the calf, the 
teeth have been left unauected, and on the principle of in- 
heritance at corresponding ages have been inherited from a remote 
period to the present day. On the view of each organism with 
all its separate parts having been specially created, how utterly 
inexplicable is it that organs bearing the plain staiiip of inutility, 
such as the teeth in tlie embryonic calf or the shrivelled wings 
under the soldered vring-covers of many beetles, should so fre- 
quently occur. Kature may be said to have taken pains to reveal 
her wscheme of modification, by means of riidimontary organs, of 
embryological aud homologous structures, but we are too blind to 
understand her moaning. 

I have now recapitulated the facts and considerations which 
have thoroughly convinced me that species have been modifiod, 
during a long course of descent. This has been effected chicliy 
througli the natural selection of numerous successive, slight, 
favourable variations; aided in an important manner by the 
inherited effects of the use and disuse of parts; and in an 
unimportant nianner, that is in relation to adap)fcive structures, 
whether past or present, by the direct action of external con- 
ditions, and by variations which seem to us in our ignorance to 
arise spontaneously. It appears that I formerly underrated the 
frequency and value of these latter forms of variation, as leading 
to jjarmanent modifications of structure independently of natural 
selection. But as my conclusions have lately been much mis- 
re])rcseiitcd, and it lias been stated that I attribute the modifica- 
tion of species exclusively to natural selection,! maybe permitted 
to remark that in the first edition of this work, and subsequently, 
I placed in a most conspicuous position — namely, at the close of 
the Introduction — the following words: “I am convinced that 
natural selection has been the main but not the exclusive means 
of modification.” This has been of no avail. Great is the power 
of steady misrepresentation; but the history of science shows 
that fortunately this power does not long endure. 

It can hardly bo supposed that a false theory -would explain, 
in so satisfactory a manner as does the theory of natural selection, 
the several large classes of facts above specified. It has recently 
been objected that this is an unsafe method of arguing; but it is 
a method used in judging of the common events of life, and has 



396 CONOLUSIOH. [CiiAP XV. 

often been used by tbe greatest natural philosophers. The uii- 
dulatory theory of light has thus been arrived at ; and the belief 
in the revolution of the earth on its own axis was until lately 
supported by hardly any direct evidence. It is no valid objection 
that science as yet throws no light on the far higher problem of 
the essence or origin of life. "Who can explain what is the essence 
of the attraction of gravity ? ISTo one now objects to following out 
the results consequent on this unkno^vn element of attraction; 
notwithstanding that Leibnitz formerly accused Newton of intro- 
ducing “ occult qualities and miracles into philosophy.’^ 

I see no good reason why the views given in this volume should 
shock the religious feelings of any one. It is satisfactory, as 
showing how transient such impressions are, to remember that the 
greatest discovery ever made by man, namely, the law of tbe 
attraction of gravity, w^as also attacked by Leibnitz, “as sub- 
versive of natural, and inferentially of revealed, religion.'’ A 
celebrated author and divine has written to me that ‘die has 
“gradually learnt to see that it is just as noble a conception of 
“the Deity to believe that He created a few original forms 
“ capable of self-development into other and needful foms, as to 
“ believe that He required a fresh act of creation to supply the 
“ voids caused by the action of His laws.” 

"VVhy, it may be asked, until recently did nearly all the most 
eminent living naturalists and geologists disbelieve in the muta- 
bility of species. It cannot be asserted that organic beings in a. 
state of nature are subject to no variation ; it cannot be proved 
that the amount of variation in the course of long ages is a limited 
quantity ; no clear distinction has been, or can be, drawn between 
species and w^ell-marked varieties. It cannot be maintained that 
species when intercrossed are invariably sterile, and varieties in- 
variably fertile ; or that sterility is a special endowment and sign 
of creation. The belief that species were immutable productions 
was almost unavoidable as long as the history of the world was 
thought to be of short duration; and now that we have acquired 
some idea of the lapse of time, we are too apt to assume, without 
proof, that the geological record is so perfect that it would have 
afforded us plain evidence of the mutation of species, if they had 
undergone mutation. 

But the chief cause of our natural unwillingness to admit that 
one species has given birth to otlier and distinct species, is that 
we are always slow in admitting great changes of which we do not 
see the steps. The difficulty is the same as that felt by so many 
geologists, when Lyell first insisted that long lines of inland elifis 
had been fomed, and great valleys excavated, by the agencies 
which we see still at work. The mind cannot possibly grasp the 
full meaning of the tern of even a million years ; it cannot add up 
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and percoive tlie full effects of many slight variationSj aeciimuiated 
during an almost infinite number of generations. 

Although I am f convinced of the truth of the viev’S given in, 
this volume under the form of an abstract, I by no means expect 
to convince experienced naturalists whose minds are stocked with 
a multitude of facts all viewed, during a long course of years, from 
a point of view directly opposite to mine. It is so easy to hide 
our ignorance under such expressions as the “ plan of creation,” 
“unity of design,” &c., and to think that we give an explan- 
ation when we only re-state a fact. Any one whose disposition 
leads him to attach more weight to unexplained difficulties than 
to the explanation of a certain number of facts vull certainly 
reject the theory. A fe%v naturalists, endowed with much flexi- 
bility of mind, and who have already begun to doubt the immu- 
tability of species, may be influenced by this volume ; but I look 
with confidence to the future, —to young and rising naturalists, 
who will be able to view both sides of the question vfith impar- 
tiality. I'^Tioever is led to believe that species are mutable 'will 
do good service by conscientiously expressing his conviction ; for 
thus only can the load of prejudice by w’hich this subject is over- 
whelmed be removed. 

Several eminent naturalists have of late published their belief 
that a multitude of reputed species in each genus are not real 
species; but that other species are real, that is, have been in- 
dependently created. This seems to me a strange conclusion to 
arrive at. They admit that a multitude of forms, which till lately 
they themselves thought were special creations, and which are still 
thus looked at by the majority of naturalists, and which conse- 
quently have all the external characteristic features of true species, 
— they admit that these have been produced by variation, but 
they refuse to extend the same view to other and slightly different 
forms. Nevertheless they do not pretend that they can define, or 
even conjecture, wliich are the created forms of life, and which 
are those xjroduced by secondary laws. They admit variation as 
a vera causa in one case, they arbitrarily reject it in another, 
without assigning any distinction in the two cases. The day will 
come when this will be given as a curious illustration of the 
blindness of preconceived opinion. These authors seem no more 
startled at a miraculous act of creation than at an ordinary birth. 
But do they really believe that at innumerable periods in the 
earth’s history certain elemental atoms have been commanded 
suddenly to flash into living tissues ? Do they believe that at 
each sxipposed act of creation one individual or many were pro- 
duced f Were all the infinitely numerous kinds of animals and 
plants created as eggs or seed, or as full grown 1 and in the <^se 
of mammals, were they created bearing the false marks of nourish- 
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ment from the mother’s womb? Undoubtedly some of these 
same questions cannot be answered by tliose who believe in tho 
appearance or creation of only a few forms of life, or of some one 
form alone. It has been maintained by several authors that it is 
as easy to believe in the cieation of a million beings as of one; 
but Maiipertuis’ philosophical axiom “of least action” leads the 
mind more Yvillingiy to admit the smaller number ; and certainly 
we ought not to believe that innumerable beings within each 
great class have been created with plain, but deceptive, marks of 
descent from a single parent. 

As a record of a former state of things, I have retained in tho 
foregoing paragraphs, and elsewhere, several sentences which 
imply that naturalists believe in the separate creation of each 
species ; and I have been much censured for having thus expressed 
myself. But undoubtedly this was the general belief when the 
iirst edition of the imescnt w'ork appeared. I formerly spoke to 
very many naturalists on the subject of evolution, and never once 
met with any sympathetic agreement. It is piobable that some 
did then believe in evolution, but they were either silent, or ex- 
pressed themselves so ambiguously that it was not easy to under- 
stand their meaning. Now things are wholly changed, and fdmost 
every naturalist admits the great principle of evolution. Tliej’e 
are, however, some wlio still think that species have suddenly 
given birth, through quite unexplained means, to ne^v and totally 
different forms: but, as I have attempted to slio^vg weighty 
evidence can be opposed to the admission of great and abrnjit 
modifications. Under a scientific point of view, and as leading to 
further investigation, but little advantage is gained by believing 
that new forms are suddenly developed in an inexplicable manner 
from old and widely different forms, over the old belief in the 
creation of species from the cinst of the earth. 

It may be asked how far I extend the doctrine of the modifica- 
tion of species. The question is difficult to answer, because the 
more distinct the forms are which we consider, by so much the 
argnments in favour of community of descent become fewer in 
number and less in force. But some arguments of the greatest 
weight extend very far. All the members of whole classes are 
connected together by a chain of affinities, and all can be classed 
on the same principle, in groups subordinate to groups. Fossil 
remains sometimes tend to fill upj very wide intervals between 
existing orders. 

Organs in a rudimenta^ condition plainly show that an early 
progenitor had the organ in a fully developed condition ; and this 
in some cases impHes an enormous amount of modification in the 
descendants. Throughout whole classes various structures are 
formed on the same pattern, and at a very early ago tho embryos 
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closely resemble eacli other. Therefore I cannot doubt tlmt the 
theory of descent with modification embraces all the meiii]>ers of 
iiie same ^reat class or kingdom. I believe that apimals are 
descended from at most only four or five progenitors^ and plants 
froiii an equal or lesser number. 

Analogy \^oiild lead me one scop farther, nainelj’, to the belief 
that ail animals emd plards are descended from some one proto- 
type. EuL analogy may bo a deceitful guide. aSTevertlieless all 
living things have much in common, in their chemical composition, 
their celiiiiar sfcruetiire, their laws of growth, and their liability 
to injurious ijiiiiiences. Vde see this even in so Lrilliii.g a fact as 
that the same poison often similarly ahects plants and animals; 
or that the poison secreted by the gail-fiy produces monstrous 
grow tlis on the vrild rose or oak-tree. With all organic l^eings, 
excepting periiai)s some of Iho very lowest, sexual reproduction 
seems to be essentially similar. With all, as far as is at jiresent 
kjKOvn, the germinal vesicle is the same ; so that ail organisms 
start from a common origin. If we look even to tlie two main 
divisions — namely, to the aniinul and vegetal >le kingdoms— certain 
low forms are so far intermediate in cliaracter that naturalists 
have disputed to which kingdom they should be referred. As 
Professor Asa Gray has remarked, the spores and other repro- 

ductiVG I'jodies of many of the lower algm may claim to ha^re iir&t 
“a characteristically animal, and then an unequivocally vegetable 
‘‘ existence."’ TLcrcfore, on the principle of natural selection wdtli 
divergence of cha’-acter, it does not seem incredible that, from 
some siicli low and intermediate form, both animals and plants 
may have been developed ; and, if we admit this, we must likewise 
admit that all the organic beings 'which have over lived on this 
earth may be descended from some one primordial form. But 
this inference is chiefly grounded on analogy, and it is immaterial 
whether or not it be accepted. No doubt it is possible, as Mr. G. 
H. Lewes has urged, that at the first commencement of life many 
different forms were evolved ; but if so, 'we may conclude that only 
a very few have left modified descendants. Por, as I have 
recently remarked in regard to the members of each great kingdom, 
such as the Ycrtebrata, Articulata, &c., we have distinct evidence 
in their embiyological, homologous, and rudimentary structures, 
that within each kingdom all the members are descended from a 
single progenitor. 

When tire views advanced by me in this volume, and by Mr. 
Wallace, or wlien analogous views on the origin of species are 
generally admitted, we can dimly foresee that there will be a 
considerable revolution in natural history. Systematists will be 
able to pursue their labours as at present ; but they %vill not be 
incessantly haunted by the shadowy doubt whether this or that 
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form bo a true species. TMs, I feel sure and I speak after ex- 
perience, will be no slight relief. The endless disputes whether 
or not some fifty species of British brambles are good species will 
cease. Systomatists will have only to decide (not that this will bo 
easy) whether any form be sufficiently constant and distinct from 
other forms, to be capable of definition ; and if definable, whether 
the differences be sufficiently important to deserve a specific name. 
This latter point will become a far more essential consideration 
than it is at present; for differences, however slight, between any 
two forms, if not blended by intermediate gradations, are looked 
at by most naturalists as sufficient to raise both forms to the rank 
of species. 

Hereafter we shall be compelled to acknowledge that the only 
distinction between species and well-marked varieties is, that the 
latter are known, or believed, to be connected at the present day 
by intermediate gradations whereas species were formerly thus con- 
nected. Hence, without rejecting the consideration of the present 
existence of intennediate gradations between any two forms, we 
shall be led to weigh more carefully and to value higher the 
actual amount of difference between them. It is quite possible 
that forms now generally acknowledged to be merely varieties 
may hereafter be thought worthy of specific names ; and in this 
case scientific and common language will come into accordance. 
In short, we shall have to treat species in the same manner as 
those naturalists treat genera, who admit thafc genera are merely 
artificial combinations made for convenience. This may not be a 
cheering prospect ; but we shall at least be freed from the vain 
search for the undiscovered and undiscoverable essence of the term 
species. 

The other and more general departments of natural history will 
rise greatly in interest. The terms used by naturalists, of affinity, 
relationship, community of type, paternity, morphology, adaptive 
characters, rudimentary and aborted organs, &c., will cease to be 
metaphorical, and will have a plain signification. When we no 
longer look at an organic being as a savage looks at a ship, as 
something wholly beyond his comprehension; when we regard 
every production of nature as one which has had a long history; 
when we contemplate eveiy complex structure and instinct as the 
summing up of many contrivances, each useful to the possessor, 
in the same way as any great mechanical invention is the summing 
up of the labour, the experience, the reason, and even the blunders 
of numerous workmen; when we thus view each organic being, 
how far more interesting— I speak from experience— does the 
study of natural history become! 

A grand and almost untrodden field of inquiry will be opened, 
on the causes and laws of variation, on correlation, on the effects 
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of nse and disuse, on the direct action of external conditions, and 
so forth. The study of domestic iDroductions will rise imiiieiisely 
in value. A new variety raised by man will be a more important 
and interesting subject for study than one more species added to 
the infinitude of already recorded species. Our classifications 
will come to be, as far as they can be so made, genealogies ; and 
will then truly give what may be called the plan of creation. The 
rules for classifying will no doubt become simpler when we have 
a definite object in view. We possess no pedigrees or armorial 
bearings ; and we have to discover and trace the many diverging 
lines of descent in our natural genealogies, by characters of any 
kind which have long been inherited. Eudimentary organs will 
speak infallibly with respect to the nature of long-lost structures. 
Species and groups of species which are called abberrant, and 
which may fancifully be called living fossils, will aid us in forming 
a picture of the ancient forms of life. Embrj^^oiogy will often 
reveal to us the structure, in some degree obscured, of the proto- 
types of each great class. 

When we can feel assured tliat all the individuals of the same 
species, and all the closely allied specie.s of most genera, have 
within a not very remote period descended from one parent, and 
have migrated from some one birth-place ; and 'when we better 
know the many means of migration, then, by the light which 
geology now throws, and will continue to throw, on former changes 
of climate and of the level of the land, we shall surely be enabled 
to trace in an admirable manner the former migrations of the 
inliabitants of the whole world. Even at present, by comparing 
the diiferences between the inhabi^iants of the sea on the opposite 
sides of a continent, and the nature of the various inhabitants on 
that continent in relation to their apparent means of immigration, 
some light can be thrown on ancient geogra|)hy. 

The noble science of Geology loses glory from the extreme 
imperfection of the record. The crust of the earth with its im- 
bedded remains must not be looked at as a well-filled museum, 
but as a poor collection made at hazard and at rare intervals. The 
accumulation of each great fossiliferous formation will be recog- 
nised as having depended on an unusual concurrence of favourable 
circumstances, and the blank intervals between the successive 
stages as having been of vast duration. But we shall be able to 
gauge with some security the duration of these intervals by a 
comparison of the preceding and succeeding organic forms. We 
must be cautious in attempting to correlate as strictly con- 
temporaneous two formations, which do not include many identical 
species, by the general succession of the forms of life. As species 
are produced and exterminated by slowly acting and still existing 
causes, and not by miraculous acts of creation ; and as the most 
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important of all causes of organic change is one which is almost, 
independent of altered and perhaps suddenly altered physical con- 
ditionSj namely, the mutual relation of organism to organism, — 
the improvement of one organism entailing the improvement or 
the extermination of others ; it follows, that the amount of organic 
change in the fossils of consecutive formations probably serves as 
a fair measure of the relative, though not actual lapse of time. A 
number of species, however, keeping in a body might remain for 
a long period unchanged, whilst within the same period, several 
of these species by migrating into new countries and coming into 
competition with foreign associates, might become modified; so 
tfeat we must not overrate the accuracy of organic change as a 
measure of time. 

In the future I see open fields for far more important researches. 
Psychology will be securely based on the foundation already well 
laid by Mr. Herbert Spencer, that of the necessary acquirement 
of each mental power and capacity by gradation. Much light will 
be thrown on the origin of man and his history. 

Authors of the highest eminence seem to be full.y satisfied with 
the viow that each species has been independently created. To 
my mind it accords better with what we know of the laws im- 
pressed on matter by the Creator, that the production and ex- 
tinction of the past and present inhabitants of the world should 
have been duetto secondary causes, like those determining the 
birth and death of the individual. "Wlieu I view all beings not as 
special (jreations, but as the lineal descendants of some few beings 
which, lived long before the first bed of the Cambrian system was 
deported, they seem to me to become ennobled. Judging from 
the past, we may safely’infer that not one living species will transmit 
its unaltered likeness to a distant futuiity. And of the species 
now living very few will transmit progeny of any kind to a far 
distant futurity ; for the manner in which all organic beings are 
grouped, shows that the greater number of species in each genus, 
and all the species in many genera, have loft no descendants, hut 
have become utterly extinct. We can so far take a prophetic 
glance into futurity as to foretell that it will be the common and 
widely-spread species, belonging to the larger and dominant 
groups within each class, -which will ultimately prevail and pro- 
create new and dominant species. As all the living forms of life 
are the lineal descendants of those which lived long before the 
Cambrian epoch, we may feel certain that the ordinary succession 
by generation has never once been broken, and that no cataclysm 
has desolated the whole world. Hence we may look with some 
confidence to a secure future of great length. And as natural selec- 
tion works solely by and for the good of each being, all cor|ioreal 
and mental endowments will tend to progress towards perfection. 
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It is interesting to contemplate a tangled bank, clotlied vjith 
many plants of many kinds, with birds singing on the bushes, 
•with various insects flitting about, and with worms crawling 
through the damp earth, and to reflect that these elaborately con- 
structed forms, so different from each other, and dependent upon 
each other in so complex a manner, have all been produced by 
laws acting around us. These laws, taken in the largest sense, 
being Growth with Reproduction ; Inheritance which is almost 
implied by reproduction; Variability from the indirect and direct 
action of the conditions of life, and from use and disuse : a Ratio 
of Increase so high as to lead to a Struggle for Life, and as a 
consequence to Natural Selection, entailing Divergence of Cha- 
racter and the Extinction of less-improved forms. Thus, from the 
w’^ar of nature, from famine and death, the most exalted object 
which we are capable of conceiving, namely, the production of the 
higher animals, directly follows. There is grandeur in this view 
of life, with its several powers, having been originally breathed 
by the Creator into a few forms or into one ; and that, whilst this 
planet has gone cycling on according to the fixed law of gravity, 
from so simple a beginning endless forms most beautiful and most 
wonderful have been, and are being evolved. 
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Abeehant. — F omw or groEp*; of animals or plants ’?7hicli deviate in important 
characters from thoir nearest allies, so as not to he easily included in the 
same group with thorn, are said to he aberrant. 

Abereatiox (in Optics). — In the refraction of light by a convex lens the ravs 
passing through diSerent parts of the lens are "brought to a focus at slightly 
different distances, — ^this is called spherical aberration ; at the same time the 
coloured rays are separated hy the prismatic action of the lens and likewise 
brought to a focus at different distances, — ^this is chrematlc aberratmi. 

Abnobmal. — Contrary to the general rule. 

Abobted. — A n organ is said to be aborted, when its development has been 
arrested at a very early stage. 

Albinism. — Albinos are animals in which the usual colouring matters cha- 
racteristic of the species have not been produced in the skin and its 
appendages. Albinism is the state of being an albino. 

Alg-b. — ^A class of plants including the ordinary sea- weeds and the filamentous 
fresh-water weeds. 

Altebnation op G-ektebation's. — This term is applied to a peculiar mode of 
reproduction which prevail among many of the lower animals^ in which 
the egg produces a living form quite diifferent from its parent, but from 
which the parent-form is reproduced by a process of budding, or by the 
division of the substance of the first product of the egg. 

Ammonites. — A group of fossil, spiral, chambered shells, allied to the existing 
pearly Nautilus, but having the partitions between the chambers waved in 
complicated patterns at their junction with the outer wall of the shell. 

Analogy. — The resemblance of structures which depends upon similar% of 
function, as in the wings of insects and birds. Such structures are said to 
be analogous, and to be analogues of each other. 


* I am indebted to the kindness of Mr. W. S. Balias for this Glossary, which 
has been given because several readers have complained to me that some of the 
terms iKiea were unintelligible to them. Mr. Balias has endeavoured to give 
the explanations of the terms in as popular a form as possible. 



406 GLOSSASY. 

Animalcule. — miiiute ardmal : generally applied to those visible only by 
the microscope. 

Annelids. — A class of worms in which the surface of the body exhibits a moro 
or less distinct division into rings or segments, generally provided with 
appendages fur locomotion and with gills. It includes the ordinary marine 
worms, the earthworms, and the leeches. 

Antennae. — Jointed organs appended to the head in Insects, Crustacea and 
Centipedes, and not belonging to the mouth. 

Anthers. — The summits of the stamens of flowers, in which the pollen or 
fertilising dust is produced. 

Aplacbntalia, Aplacentata or Aplacental Mammals. See Mammalia. 

Archetyeal. — Of or belonging to the Archetype, or ideal piimitive form upon 
which aU the beings of a group seem to be organised. 

Articulata. — A great division ol the Animal Kingdom characterised generally 
hy having the surface of the body divided into rings called segments, a 
greater or less number of which are furnished with jointed legs (such as 
Insects, Crustaceans and Centipedes). 

Asymmetrical. — Having the two sides unlike. 

Atrophied. — Arrested in development at a very early stage. 

Balanus. — The genus including the common Acorn-shells vrhieh live in 
abundance ou the rocks of the sca-coaht. 

BATRACHi.ysrs. — A class of animals aUicd to the Eeptiles, but undergoing a 
peculiar metamorphosis, in wldch the young animal is generally aquatic and 
breathes by gdls. {Hxamples, Frogs, Toads, and IS^ewts.) 

Boulders. — Large transported blocks of stone generally embedded in clays or 
gravels. 

Brachiopoda. — A class of marine MoUusea, or soft-bodied animals, funiibhcd 
with a bivalve shell, attached to subraaime objects by a stalk vhicli passes 
through an aperture in one of the valves, and furnished with fringed arms, 
hy the action of which food is earned to the month, 

Branchre. — Gills or organs for icfpiration in water. 

Branchial. — Pertaining to gills or branchim. 

Cambrian System. — A series of very ancient Palinozoic rocks, between the 
Lauientian and the Sflurian. Until recently these were regarded as the 
oldest fossiliferons rocks. 

Canidas.— The Dog-family, including the Dog, "Wolf, Fox, Jackal, &r,. 

Carapace. — The shell enveloping the anterior part of the body in Crustaceans 
generally ; applied also to the hard shelly pieces of the Cirripedcs. 

Carboniferous. — Tliis term is applied to the great formation which includes, 
among other rocks, the coal-measures. ItMongs to the oldest, or Palieo- 
zoic, system of formations. 

Caudal. — Of or belenging to the tail. 

CiPHALOPODS. — The highest class of the Mollusca, or soft-bodied animalH, 
characterised by having the mouth surrounded hy a greater or loss number 
of fleshy arms or tentacles, which, in most living species, are furnished with 
sucking-enps. {Examples, Cuttle-fish, Nautilus,) 

Cetacea.— An order of Mammalia, including the whales, Dolphins, &c., 
having the fonn of the body fish-like, the skin naked, and only the fore- 
limbs developed. 

Chelonia.— An order of Eeptiles including the Turtles, Tortoises, &c. 

CiRBipEDES,— An order of Cnistaceans including the Barnacles and Acorn- 
shells. Their young resemble those of many other Crustaceans in fonn ; 
but when mature they are always attached to other objects, either directly 
or by means of a stalk, and their bodies axe enclosed by a calcareous shell 



GLOSSAEY. 407 

composed of several pieces, two of which caa open to give issue to a bnnch 
of curled, jointed tentacles, which represent the limbs. 

CJoccus. — Tho genus of Insects including the Cochineal. In these the male is 
a minute, winged fly, and the femme generally a motionless, berry-like 
mass. 

Cocoon. — A case usually of silky material, in which insects are frequently 
enveloped during the second or resting -stage (pupa) of their existence. 
Tho term ’‘‘cocoon-stuge ” is here used as equivalent to pupa-stage.” 

CcELospEUMous. — A term applied to those fruits of the IJniheiliferffi which 
have the seed hollowed on the inner face. 

CoLEOPTEBA. — Bectlos, an order of Insects, hawng a biting mouth and the first 
piiir of wings more or less homy, forming sheaths for the second pair, and 
usually meeting in a straight line down the middle of the hack. 

Column.— A peculiar organ in the flowers of Orchids, in which the stamens, 
style and stigma (or the reproductive parts) are united. 

Composites or Gompositoos Plants. — Plante in which the inflorescence con- 
sists of numerous small flowers (florets) brought together into a dense head, 
the base of which is enclosed by a common cn\ elope. {Examples, the Daisy, 
Dandelion, &c.) 

Confeuv.e. — The filamentous weeds of fresh water. 

CoNGLOiMEiiATB.— A rock made up of fragments of rock or pebbles, cemented 
together by some other material. 

CoBOLLA.—Tlie second envelope of a flower usually composed of coloured, 
leaf-lik'o organs (petals), which may be united by their edges either in the 
basal part or throughout. 

CoRiiELATioN, — Tho uomal coincidence of one phenomenon, character, &c., 
with another. 

CoEYMiL — A bunch of flowers in which those springing from the lower part or 
the flower stalk arc supported on long stalks so as to be nearly on a level 
with the upper ones. 

Cotyledons. — The first or seed-leaves of plants. 

Crustaceans. — A class of articulated ammals, having the skin of the body 
generally more or less hardened by the deposition of calcareous matter, 
breathing by means of gills. {Examples, Crab, Lobster, Shrimp, &c,) 

Curculio. — The old generic term for the Beetles known as Weevils, cha- 
racterised by their four-jointed feet, and by the head being produced into a 
sort of beak, upon the sides of which the antennfc arc inserted. 

Cutaneous. — Of or belonging to the skin. 

Dbqiiadation. — The wearing down of land by the action of the sea or of 
meteoric agencies. 

Denudation. — The wearing away of the surface of the land by water. 

Devonian System or formation. — ^A aeries of Palssozoic rocks, including the 
Old Bed Sandstone. 

Dicotyledons or Dicotyledonous Plants. — A class of plants characterised 
by having two aeed-leavos, by the formation of new wood between the bark 
and tbe did wood (exogenous growth) and by the reticulation of the veins 
of the leaves. The parts of the flowers are generally in multiples of five. 

Differentiation. — The separation or discrimination of parts or organs which 
in simpler forms of life are more or less united. 

Dimorphic. — Having two distinct forms. — ^Dimorphism is the condition of the 
appearance of the same species under two dissimilar forms,_ 

Dioecious. — Having the organs of the sexes upon distinct individuals* 

Diorttb. — A peculiar form of Greenstone. 

Dorsal.—- Of or belonging to tho back. 
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IEdentata. — A peculiar order of Quadrupeds, characterised by the abseuce of 
at least the middle incisor (front) teeth in both Jaws. [Escmnples, the Sloths 
and Armadillos.) 

El-sttba. — T he hardened fore -wings of Beetles, serdng as sheaths for the 
membranous hind- wings, which constitute the truo oigans of flight. 

Embryo.— The young animal undergoing development' within tho egg or 
womb. 

Embb-yolo&y. — The study of the development of the embryo. 

Endemic. — Peculiar to a given locality. 

Estomostraca. — A division of the class Crustacea, hamng all the segments of 
the body usually distinct, gills attached to the feet or organs of the mouth, 
and the feet fringed with flne hairs. They are genei ally of small size. 

Eocene. — The earliest of the three divisions of the Tertiary epoch of geologists. 
Bochs of this age contain a small proportion of shells identical with species 
how living. 

Ephemerous Insects. —Insects allied to the May-fly. 

Fauna. — The totality of the animals naturally inhabiting a certain country or 
region, or which have lived durmg a given geological period. 

Felidje. — The Cat-family. 

Fbr.il. — Having become "wild from a state of cultivation or domestication. 

Flora. — T he totality of the plants gi owing naturally in a country, or during 
a given geological period. 

Florets. — Flow^ers imperfectly developed in some respects, and collected into 
a dense spike or head, as in the G-rasses, the Dandelion, kc. 

Fcetal. — Of or belonging to the feetus, or emhiym in com so of development. 

Foraminieera. — A class of animals of very low organisation, and genei ally of 
small size, having a Jelly-like body, from tho surface of which delicate flla- 
ments can be given off and retracted for the prehension of extornal objects, 
and having a calcareous or sandy shell, usually divided into chambers, ana 
perforated with small apertures. 

Fossilipbrous. — Containiug fossils, 

Fossorial. — Having a faemty of digging. The Fossorial Hymenoptera are a 
group of Wasp-Iike inseefs, which burrow in sandy soil to make nests for 
their young. 

Frenum (pi. Frena). — ^A small band or fold of skin. 

Fungi (sing. Fungus). — A class of ceUular plants, of which Mushroom'?, 
Toadstools, and Moulds, are familiar examples. 

Furcula. — ^The forked hone formed by the union of the collar-bones in many 
birds, such as the common Fowl. 

Gallinaceous Birds.— An order of Birds of which tho common Fowl, Turkey, 
and Pheasant, are well-known examples. 

Gallus. — T he genus of birds which inciudes the common Fowl. 

Ganglion. — ^A swelling or Imot from which nerves are given off as from a 
centre. 

Ganoid Fishes. — Fishes covered with peculiar enamelled bony scales. Most 
of them are extinct. 

Germinal Vesicle.— A minute vesicle in the eggs of animals, from which the 
development of the embryo proceeds. 

Glacial Period. — A period of great cold and of enormous extension of ice 
upon the surface of the earth. It is believed that glacirf periods have occurred 
repeatedly dunng the geological history of the earth, hut the term is 
generally applied to the close of the Tertiary epoch, when nearly the whole 
of Europe was suhiected to an axetie oEraate. 
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Gland. — Aii organ which secretes or .^ieparaies some peculiar product from the 
blood or sap of animals or plants. 

Glottis. — The opening of the windpipe into the (Ksophagns or gullet. 

Gneiss. — A rock approaching granite in composition, but more or less laminated, 
and realljr produced by the alteration of a sedimentary deposit after its 
consolidation. 

Gballatohes.— The so-called ’lading-birds (Storks, Cranes, Snipes, &c.), 
which arc generally furnished with long legs, hare of feathers above the 
heel, and have no membranes between the toes. 

Gbanitb. — A rock consisting essentially of crystals of felspar and mica in a 
mass of quartz. 

Habitat. — The locality in which a plant or animal naturally lives. 

IlEMiPTEnA. — An order or sub-order of Insects, characterised by the possession 
of a jointed beak or rostrum, and by having the fore- wings horny in the 
basal portion and membranous at the extremity, where they cross each other. 
This group includes the various species of Bugs. 

Heemaphhobite. — P ossessing the organs of both sexes. 

Homology. — ^That relation between parts which results from their develop- 
ment from corresponding embryonic paits, either in different animals, as in 
the case of the arm of man, the fore-leg of a quadruped, and the wing of a 
bird ; or in the same individual, as in tne ease of the fore and hind legs in 
quadrupeds, and the segments or rings and their appendages of w'liich the 
body of a worm, a centipede, &c., is composed. The latter is called serial 
homology. The parts which stand in such a relation to each other aie said 
to bo homologous, and one such part or organ is called the Imnologtte of the 
other. In afferent plants the parts of the flower are homologous, and in 
general these parts are regarded as homologous with leaves. 

Homoptera. — Au order or sub-order of Insects ha'^ing (like the Hemiptera) a 
jointed beak, but in which the fore- wings are either w’holly menilnanoiis 
or wholly leathery . The Cicadcc, Prog-hoppers, andApAtdes, are well-known 
examples. 

Hybiiid. — The offspring of the union of two distinct species. 

Hymenopteba. — An order of Insects possessing biting jaws and usually four 
membranous wings in which there are a few veins. Bees and Wasps are 
familiar examples of this ^oup. 

H YPEETROPHiED. — ^Excessively developed . 

IciiNEUMONiDJE. — A family of Hymonopterous insects, the members of which 
lay their eggs in the homes or ^gs of other insects. 

Imago. — The perfect (generally winged) reproductive state of an insect. 

Indigens. — The aboriginal animal or vegetable inhabitants of a country or 
region. 

Inflorescence. — The mode of arrangement of the flowers of plants. 

Infusoria. — A class of microscopic Animaleul&s, so called from their having 
originally been observed in infusions of vegetable matters. They consist of 
a gelatinous material enclosed in a delicate membrane, the whole or part of 
which is furnished with short vibrating hairs (called cilia), by means of which 
the animalcules swim through the water or convey the minute particles of 
thoir food to the orifice of the mouth. 

Insectivorous. — Feeding on Insects. 

Invertebrata, or Intbrtbbratb Animals. — T hose animals which do not 
possess a backbone or s|>mal column. 

liAOUNiE.' — Spaces left among the tissues in some of the lower .animals, and 
serving in place of vessels for the circulation of the ffnida of the body. 
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Lamellated. — E umished with lamellse or little plates. 

Larva (pL Larvje). — The first condition of an insect at its issuing from the 
egg^ wlieB it is nsnally in the form of a grub, caterpillar, or maggot. 

Larynx. — The upper part of the windpipe opening into the gullet. 

Laurentian. — A group of greatly altered and very ancient rocks, which is 
greatly developed along the course of the St. Laurence, whence the name. 
It is in these that the earliest known traces of organic bodies have been 
found. 

LEOUMiNosiE. — An order of plants represented by the common Peas and Beans, 
having an irregular flower in which one pelnl stands up like a wing, and 
the stamens and pistil are enclosed in a sheath formed by two other petals. 
The fruit is a pod (or legume). 

LEMUEiDiE. — A group of four-handed animals, distinct from the !Monkeya and 
approaching the Insectivorous Quadiaipeds in some of their characters and 
haMts. Its members have the nostrils curved or twisted, and a claw insieaci 
of a nail upon the first finger of the hind handte. 

Lepidoptera. — An order of Insects, characterised by the possession of a spiral, 
proboscis, and of four large more or less scaly wings. It includes the well- 
known Butterflies and Moths. 

Littoral. — Inhabiting the seashore 

Loess. — ^A maily deposit of recent (Post-Tertiary) date, which occupies a 
great part of the valley of the Ehine. 

Malacostraca. — The liigher division of the Crustacea, including the ordinary 
Crabs, Lobsters, Shrimps, &c., together with the Woodlice and Sand- 
hoppers. 

Mammalia. — The highest class of animals, including the ordinary hairy 
onadrnpeds, the Whales, and Man, and characteiised h\ the production o'f 
living young which are nourished after birth by milk from the teats 
{Mammes, Mammary glands) of the mother, A striking difference in 
embryonic development has led to the division of this class into two great 
groups , in one of these, when the embryo has attained a certain stage, a 
vasemar connection, called the placenta^ is formed between the embryo and 
the mother ; in the other this is wantm|j, and the young are produced in a 
very incomplete state. The former, including the greater part of the 
class, are called Placental mammals ; the latter, or Aplacental mammals^ 
include the Marsupials and Monotremes {Omithorhynchus) 

Mammiperous, Having maram® or teats (see MAMJiLfiLiA). 

Mandibles, in Insects. — ^The first or uppermost pair of Jaws, which are 
generally solid,, homy, biting organs. In Birds the term, is applied t(» 
both Jaws with their horny coverings. In Quadrupeds the mandible is 
properly the lower Jaw. 

Marsupials. — ^An order of Mammalia in which the young are bom in a very 
incomplete state of development, and carried by the mother, while sucking, 
in a ventral pouch (marsnpium), such as the Kangaroos, Opossums, &c*. 
(see Mammalia). 

Maxill.®, in Insects. — The second or lower pair of Jaws, which are composed 
of several Joints and furnished with peculiar fointed appendages called 
palpi, or feelers. 

Melanism. — The opposite of albinism; an undue development of colouring 
material in the skin and its appendages. 

Metamorphio Eocxs. — Sedimentary rocks which have undergone alteration, 
generally by the action of heat, subsequently to their deposition and 
consolidation. 

Mollusca. — One of the great dimions of the Animal Engdom, mcluding 
those animals which have a soft body, usually furnished with a shell, aul 
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M wliicli the iierrous ganglia, or centres, present no defimte general 
arrangement. They are generally known under the denomination of 
shcii-llsh ; ” the cnttlo-fish, and the common snaOs, whelks, oysters, 
mussels, and cockles, may sen'e as examples of them. 

Monocotyledoxs, or Moxocotyledonous Plaxts. — Plants in which the 
seed sends np only a single seed-leaf ^or cotyledon) ; characterisod hy the 
absence of consecntiTe layers of wood in the stem (endogenous gro'v\i:h), by 
the veins of the leaves hemg generally straight, and by the parts of the 
iiowers being generally in multiples of three. {Examj^lh, Grasses, Lilies, 
Orchids, Palms, &c.) 

liOii.\ixES. — The acGuiiLulatioas of fragments of rock brought down by 
glaciers. 

j\IoEPHOLOGY. — The law of form or structure independent of function 

Mysis-stage. — stage in the development of certain Crustaceans (Prawn-'j, 
in which they closely resemble the adults of a genus (Mum) belonging to a 
sHghtly lower group. 

Nascent, — Commencing de^-’clopment. 

Natatouy. — Adapted for the purpose of swimming. 

Nauplius-foum. — The earliest stage in the development of many Crustacea, 
especially belonging to the lower groups. In this stage the ammal has a 
short body, with indistinct indications of a division into segments, and 
three pairs of fringed limbs. This form of the common fresh-water 
Cyclops was described as a distinct genus under the name of EanpU^is. 

Neuhatiox. — The arrangement of the veins or nervures in the wings of 
Inseets- 

NnuTERM. — Imperfectly developed females of certain social insects (such as 
A.Tits and Bees), which perform all the labours of the community. Hence 
they are also called workers. 

Nictitating Membrane. — A semi-transparent membrane, which can be 
drawn across the eye in Birds and Reptiles, either to moderate the efieete 
of a strong light or to sweep particles of dust, &c., from the surface of the 
eye. 


Ocelli. — The simple eyes or stemmata of Insects, usually situated on the 
crown of the head between the great compound eyes. 

(Esophagus. — The gullet. 

OoiiTio.— A great series of secondary rocks, so called from the texture of 
some of its members, which appear to be made up of a mass of small 
egg-like calcareous bodies. 

Operculum. — A calcareous plate employed by many Mollusea to close the 
apertm-o of their shell. The operckar valves of Ginipedes are those which 
close the aperture of the shell. 

Orbit. — The bony cavity for the reception of the eye,^ 

Organism. — An organised being, whether plant or animal. 

Ortiiospeemous. — A term applied to those fruits of the TTmbelliferse which 
have the seed straight. 

Osculant. — Fomis or OToups apparently intermediate between and connecting 
other groups are said to be osculant. 

Ova. — ^E ggs. 

Ovarium or Ovary (in plants). — ^Tbe lower part of the pistil ox female organ 
of the dower, containing the ovules or incipient seeds ; by growth after the 
other organs of the flower have fallen, it usually becomes converted into 
the fruit. 

OviGEROUS. — ^Effi-bearing- 

OvuLEs (of plants},— The seeds in the earliest condition. 
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Pachydehms.—A group of Mammalia, so called from tbeir thick skins, and 
including the Elephant, EWoceros, Hippopotamus, &c. 

Palasozoio. — The oldest system of fossiliferous rocks. 

Palpi. — Jointed appendages to some of the organs of the mouth in Insects 
and Crustacea. 

Papilionace-t., — An order of Plants (see LEGUMiNosis) . — The Sowers of 
these plante are called papth'onaceous, or butterfly-like, from the fancied 
resemblance of the expanded superior petals to the wings of a hutterfiy. 

Pahasite. — An animal or plant Eving upon or in, and at the expense of, 
another organism. 

Pakthenogbnesis. — The production of living organisms from tmimpregnated 
eggs or seeds. 

Pebunculatei). — Supported u|>on a stem or stalk. The pedunculated oak 
has its acoms borne upon a footstool. 

Peloria or Pelorism. — The appearance of regularity of structure in the 
flowers of plants which norm^y bear irregular flowers. 

Pelvis. — The bony arch to which the hind limbs of vertebrate animals are 
articulated. 

Petals. — The leaves of the corolla, or second circle of organs in a flower. 
They are usually of delicate texture and brightly coloured, 

Phyllodineous. — ^Having flattened, leaf-like twigs or leafstalks instead of 
true leaves. 

Pigment. — The coloming material produced generally in the superficial parts 
of animals. The cells secreting it are called 

Pinnate. — Bearing leaflets on each side of a central stalk. 

Pistils, — The female organs of a flower, which occupy a position in tho 
centre of the other floral organs. The pistil is generally divisible into the 
ovary or germen, the stylo and tlie stigma. 

Placentalia, Placentata, or Placental Mammals. See hlAMMALiA. 

Plantigrades. — Quadruped which wmlk upon the whole sole of the foot, 
like the Bears. 

Plastic. — E eadily capable of change. 

Pleistocene Period. — The latest portion of the Tertiary epoch. 

Plumule (in plants). — The minute bud between the seed-leaves of newly- 
germinated plants. 

Plutonic Eocks. — Eocfa supposed to have been produced by igneous action 
in the dj^ths of the earth. 

Pollen. — Tlje male element in flowering plants ; usually a fine dust produced 
by the anthers, which, by contact with the stigma, effects the fecundation of 
the seeds. This impregnation is brought about by means of tubes (jpo/fen- 
tM&es) which issue from the pollen-grains adhering to the stigma, and 
penetrate through the tissues until they reach the ovary. 

Polyandrous (flowers) . — Flowers having manj stamens. 

Polygamous Plants. — Plants in which some flowers are unisexual and others 
hermaphrodite. The unisexual (male and female) flowers, may be on tho 
same or on different plants. 

Polymorphic. — Presenting many forms. 

PoLYzoARY. — The common structure formed by the cells of the Polyzoa, 
such as the well-known Sea-mats. 

Prehensile.— Capable of grasping. 

Prepotent. — ^Having a superiority of power. 

Primaries. — ^The feathers forming the tip of tho wing of a bird, and inserted 
upon that part which represents the hand of man. 

Processes.— Projecting portions of bones, usually for tho attachment of 
muscles, ligaments, &c. 

Propolis.— A resinous material collected by the Hive-Boes from the opening 
buds of various trees. 
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Protean. — Exceedingly Yarkble. 

Protozoa.— The lowest great division of the Animal Kingdom. These 
animals are composed of a gelatinous material, and show scarcely any trace 
of distinct organs. The Infusoria, Foramimfera, and Sponges, with some 
other forms, belong to this division. 

Pupa (pL Pupje). — The second stage in the development of an Insect, from 
which it emerges in the perfect (winged) reproductive form. In most 
InseGta the pupal slaqe is passed in perfect repose. The chrysalis is the 
pupal state of hutterfiies. 

Radicle. — The minute root of an embiyo plant. 

Ramus. — One half of the lower iaw in the Mammalia The portion which 
rises to articulate vith the skull is called ihe ascending ramus. 

Range. — The extent ot country over which a plant or animal is naturally 
spread. Range in turn expresses the distribution of a species or group 
through the fopsiliferous beds of the earth’s crust. 

Retina, — The delicate inner coat of t’no eye, formed by nervous jilainent? 
spreading fiom the optic nerve, and serving for the perception of the 
impressions produced by light. 

Retrogression. — Backward development. "When an animal, as it approaches 
maturity, becomes loss perfectly organised than might be expeeteu from its 
early stages and known relationships, it is said to undergo a retrograde 
developineni or metamorphosis, 

Rhizopodr. — A class of Idwfy organised animals (Protozoa), having a gela- 
tinous body, the surlaee of which can be protruded in the form of root-like 
processes or filaments, which serve for locomotion and the prehension of 
food. The most important older is that of the Foraminifera. 

Rodents. — The gnawing Mammalia, .such as the Rats, Rabbits, and Squirrels. 
They are especially characterised by the possession of a single pair of 
chisel -like cutting teeth in each jaw, betw'een which and the grinding 
teeth there is a groat gap. 

Rubus. — The Bramble Genus. 

Rudimentary. — ^Yery imperfectly developed, 

RuMiNAflMTS. — The group of Quadrupeds which ruminate or chew the cud, 
such as oxen, sheep, and deer. They have diiiided hoofs, and are destitute 
of front teeth in the upper jaw. 

Sacral. — Belonging to the sacrum, or the bone composed usually of two or 
more united vertebras to which the aides of the pelvis in vertebrate animals 
are attached. 

Barcode. — The gelatinous material of which the bodies of the lowest animals 
(Protozoa) are composed. 

ScuTBLLJE. — The horny plates with which the feet of birds are generally more 
or less covered, especially in front. 

Sedimentary Formations. — Rocks deposited as sediments from wmter. 

Segments. — The transverse rings of which the body of an articulate animal 
or Annelid is composed. 

Sepals. — The leaves or segmenis of the calyx, or outermost envelope of an 
or^nary flower. They are usually green, but sometimes brightly coloured, 

Serratures. — ^Teeth like those of a saw. 

Sessile. — Not supported on a stem or footstalk. 

Silurian System. — A very ancient system of fossiliferous rocks belonging to 
the earlier part of the Palajozoie series. 

Specialisation. — The setting apart of a particular organ for the performance 
of a particular function. 

Spinal Ohoep.— T he central portion of the nemtis system in the Tertebrata, 
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clcscendtj horn tlie brain ilirougli the ar dies of the x-eitebra?, and 
gives oft nearly all the nerves to the various oigaus of the body. 

Stambks. — The male organs of flowering plants, standing in a circle within 
the petals. They usually consist of a nlanient and an anther, the author 
being the essential pait in which the pollen, or fecundating dust, is 
formed. 

Steenum. — T he breast-bone. 

Stigma, — The apical portion of the pistil in flowering plants. ^ 

Stipules. — Small leafy organs placed at the base oi the footstalks of the 
leaves in many plants. 

Style. — The imddle portion of the perfect pistil, which rises like a columii 
from the ovary and supports the stigma at its summit. 

StJECUTANEOiis. — Situated beneath the skin 

SUCTOB.L4.L. — Adapted for sucking. 

SuTUEES (m the skull). — The lines of Junction of the hones of w^hich the skull 
is composed. 

Taesus (pi. Taesi). — The Jointed feet of articulate animals, such as Insects. 

Teleosteak Fishes. — Fishes of tho kind familiar to us in the present day, 
having the skeleton usually completely ossified and the scales horny. 

Tentacula or Tentacles. — Delicate fleshy oigans of prehension or touch 
possessed by many of the lower animals. 

Teetiaey. — ikie latest geological epoch, immediately preceding the establish- 
ment of the present order of things. 

Trachea. — The windpipe or passage for the admission of air to the Iimgs- 

Tridactyle. — Three-fingered, or composed of three movable parts attached 
to a common base. 

Triloeiteb. — A peculiar group of extinct Crustaceans, somewhat roaomblinf; 
the "VYoodlice in external form, and, like some oi them, capable of rolling 
themselves up into a ball. Their remains are found only in the Palu'ozcuc 
rocks, and most abundantly in those of Silurian age. 

Teimoepmic. — Presenting throe distiuel forms. 

Umbbllipeej®. — ^An order of plants in which the flowers, which contain five 
stamens and a piptil with t%’o styles, are supported upon footstalks which 
spring from the top of the flower stem and spread out like the wires of an 
umbrella, so as to bring all the flowers in the same head {umhd) nearly to 
the same level. {Examples, Parsley and Carrot.) 

Ungulata.' — Hoofed quadrupeds. 

Unicellular. — Consisting of a single cell. 

Vascular. — Containing blood-vessels. 

Vermieorm.— -Like a worm. 

Vbrtebrata ; or Vertebrate Animals. — Tho highest division of the animal 
kingdom, so caUed from the presence in most cases of a backbone composed 
of numerous Joints or verfebroe,, which constitutes the centre of the skeleton 
and at the same time supports and protects the central parts of the nervous 
system. 


■WHOKL8,-^Tho circles or spiral lines in which the parts of plants are arranged 
upon the axis of growth. 

Workers.— See Ifeuters. 

Zo^-stage.—- T he earliasf'stage in the development of many of the hlghf'r 
Cetacea, so called from the name of Eoea applied to these young animals 
when they were suppose to oonstitute a peculiar genus. 
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SooiDS.— Itt^Diany of the lo^wer animals (such, as the Corals, Medu^iie, &c.) 
repioduction takes place la two via^s, namely, by means of eggs and by a 
process of budding ivitli or •without sepaiation from, the paient of the 
product of the L-iiter, which is often Teiy diferent fiom that of the egg. 
Tlio individuality of the species is rcpi^ented by the whole or the form 
produced between two sexual reproductions ; and these forms, which are 
apparently individual ammaLs, have been -called zooich. 
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A. 

Aeukuant g'i’opps, S5J. 

Abyssinia, plants of. 019. 
Acclimatisation, 104. 

Adoxa, 161. 

Affinities of extinct species, 280. 

of organic beings, uo4. 

Agassiz, on Ambiyopsis, 104. 

, on groups of species suddenly 

appearing, 271. 

, onpioplietic forms, 283. 

, on ernbryological succession, 

291. 

, on tbe Glacial period, 310. 

, on ernbryological cbaractcis, 

345. 

, on the latest tertiary forms, 

261. 

, on parallelism of embryologi- 

eal development and geological 
succession, 372. 

, Alex., on pedicellaritn, 178. 

Algce of Now Zealand, 317. 

Alugators, males, fighting, 64. 
Alternate generations, 363. 
Ambiyopsis, blind fish, 104. 

America, North, productions allied 
to those of Europe, 313. 

^ j boulders and glaciers of, 

315. 

, South, no modern formations 

on west coast, ‘255. 

Ammonites, sudden extinction of, 
278. 

Anagallis, sterility of, 221. 

Analogy of variations, 118. 

Ancylus, 324. 

Andaman Islands inhabited by a 
toad, 329, 

Animals, not domesticated from 
being variable, 12. 

- — domestic, descended from seve- 
ral stocks, 13. 

acclimatisation of, 105. 


Animals of Australia, 84. 

uith thicker fur in cold cli« 

mates, 100. 

, bhnd, in ea^es, 103. 

extinct, of Australia, 291. 

Anomma, 217. 

Antarctic islands, ancient flora of, 
333. 

Autecliinus, 350. 

Ants attending aphides, 103. 

, slave-maling inbtinct, 203. 

, neuters, structure of, 215. 

Apes, not having acqmied intel- 
lectual powers, 169. 

Aphides, attended hy ants, 193. 

Aphis, development of, 360. 

Apteryx, 131. 

Arab horses, 24. 

Aralo-Caspian Sea. 292. 
Archeopteryx, 266- 
ArcMac, M. de, on the siiccessior ct‘ 
species, 280. 

Artichoke, Jerusalem, 106. 

Ascension, plants of, 326. 

Asclepias, pollen of, 141. 

Asparagus, 305. 

Aspiearpa, 344. 

Asses, stiiped, 119. 

— improved by selection, 29. 
Ateuclms, 101. 

Aucapitaine, on laml-shells, 332.^ 
Audubon, on habits of frigate-bird, 
133. 

, on variation in birds’ nests, 

194. 

, on heron eating seeds, 3 25. 

Anstralia, animals ot, 84. 

— — , dogs of, 197. 

, extinct animals of, 291. 

, European plants in, 317. 

, glaciers of, 315. 

Azara, on flies destroying cattl% 
52. 

Azores, flora of, 308. 

2 E 
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B. 

BabiEgtoE, Hr., on Britiali plant'*;, 
34. 

Baer, Von, standard of Highness, 91. 

, comparison of hee and fish, 290. 

, embryonic similarity of the 

Vertebrata, 364. 

Baker, Sir S., on the giraffe, 166. 
Balancement of growth, 109. 

Baleen, 171. 

Barberry, flowers of, 72.^ 

Barrande, M., on Silnrian colonies, 
273. 

, on the succession oi specie'., 

280. 

, on parallelism of paia^ozoic 

formations, 282. 

, on affinities of ancient species. 

284. 

Barriers, importance of, 297. 

Bates, Mr., on mimetic bntfei'fiies, 
352, 353, 354. 

Batrachians on islands, 329. 

Bats, how stincture acquired, 130. 

, distribution of, 330. 

Bear, catching water-insects, 132 
Beauty, how acquired, 149, 389. 

Bee, sting of, 153. 

, queen, killing rivals, 153. 

, Australian, extermination of, 

55. 

Bees fertilmng flowers, 53. 

, hive, not sucking the red 

clover, 69. 

, Ligurian, 70. 

, hive, cell-making instinct, 205. 

variation in habits, 104. 

— — , parasitic, 201. 

, humble, cells of, 206. 

Beetles, wingless, in Madeira, JOI. 

with deficient tarsi, 101. 

Bentham, Mr., on British plants, 34. 

on classification, 346. 

Berkeley, Mr., on seeds in salt water, 
304. 

Bermuda, birds of, 327, 

Birds acquiring fear, 195. 
beauty of, 151. 

annually croas the Atlantic, SOf). 

— — , colour of, on continents, 99. 

, footsteps, and remains of, in 

secondary rocks, 266. 

, fossil, in caves of Brazil, 291. 

, of Maddra, Bermuda, and 

Galapagos, 327- 


Birds, song of males, 64. 

transporting seeds, 308. 

, -waders, 324. 

, wingless, 100, 130, 1 31. 

Bizcacha, 298. 

, affinities of, 355. 

Bladder for swimming, in fish, 13.8. 
Blindness of cave animals, 102. 

Bl}-th, Mr., on distinctness ol IjidniT: 
cattle, 13. 

, on striped hemionus, 119. 

, on crossed geese, 224. 

Borrow, Mr., on the 8paiiisb pointer, 
i 24 

^ Bory St. Vincent, on Batrachians, 
I 329. 

Bosquet,' M., on fossO Ohthamahis, 
267. 

j Boulders, erratic, on the Azores, 30S. 

! Branchias 138, 139. 

of crustacean', 143. 

Braun, Prof., on flio seeds of Puma- 
I nacem, 162. 

’ Brent, Mr., on h(msc-turableis, 196, 
Britain, niannnah of, 330. 

Broca, l^rof,, on ISatoral Selection, 
158. 

Br<mn, Prof., on duration of specific 
forms, 258. 

, various objections by, 158. 

Bro-wn, Bobert, on classification, 343. 
, Sequard, on inherited mutila- 
tions, 101. 

Busk, Mr., on the Polyzoa, 180. 
Butterflies, nimetic, 352, 353, 354, 
Buzaroingues, on storilifv of \aTie- 
ties, 241. 


e. 

Cabbage, varieties ot, crossed, 72, 73. 
Calceolaria, 223. 

Canary-birds, stniility of hybrids, 
224, 

Capo de Verde iskrids, productions 
of, 333. 

, plants of, on mountains, 316. 

Gape of Good Hope, plants of, 96, 

326. 

Carpenter, Br., on foramlnifera, 289. 
Caimamufi, 162. 

Catasetum, 145, 349. 

Cats, -with blue eyes, deaf, 8. 

, variation in habits of, 195, 

— curling tail when goifig' to 
spring, 152, 
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Cattle destroyinp- fir-tiees, 52. 

destroyed by flies iu Paraguay, 

52. 

breeds of, locally extinct, 80. 

, fertility of In^an and Euro- 
pean breeds, 225. 

, Indian, 13, 225. 

Cave, inhabitants of, blind, 102. 
CecMom}ia, 363. 

Celts, proving antiquity of man, 13. 
Centres of Creation, 300. 
Cephalopodie, structures of eyes, 142. 

, development of, 366. 

Cercopitlieeus, tail of, 17C. 

Ceroxylus laceratus, 170. 

CerTOlus, 221. 

Cetacea, teeth and hair, 107. 

, development of the whalebone, 

170. 

Cetaceans, 170. 

Ceylon, plants of, 318. 

Chalk formation, 270. 

Characters, divergence of, 80. 

- — , sexual, variable, 111, 115. 

— , adaptive or analogical, 350. 
Charlock, 55. 

Checks to increase, 49. 

mutual, 51. 

Chelm of Crustaceans, 180. 

Chickens, instinctive tameness of, 
197. 

Chironomus, its asexual reproduction, 
363. 

Chthamalinas, 253. 

Chthamalus, cretaeean species of, 
267. 

Circumstances favourable to selection 
of domestic products, 27. 

— — to natural selection, 74. 

Cirripedes capable of crossing, 74. 

, carapace aborted, 110. 

, their ovigerous frena, 139- 

■ , fossil, 266. 

larvfo of, 365. 

Claparbde, Prof., on the hair-claspers 
of the Aeaxidm, 143. 

Clarke, Rev, "W. B., on old glaciers 
in Ausfeaiia, 314. 

Classification, 340. 

Clift, Mr., on the succession of types, 
291. 

Climate, effects of, in checking in- 
crease of beings, 50- 

, adaptation of, to orgaaisins, 

104. 

Climbing plants, 138. 


Climbing, devolopmcnfc of, 183. 
Clover visited by bees, 69, 70. 
Cobites, intestine of, 137. 

Cockroach, 55. 

Collections, paheontological, ' poor, 
253. 

Colour, influenced by climate, 99. 

, m relation to attack by flies, 

149. 

Columba livia, parent of domestic 
pigeons, 16. 

Colynibetes, 324. 

(.lompensatioii of growth, 109. 
Compositoe, flowers and seeds of, 108. 

, outer and inner florets of, IGl. 

, male floweis of, 373. 

Conclusion, general, 395. 

Conditions, slight changes in, favoiu- 
able to fertility, 235. 

Convergence of genera, 94. 

Coot, 133. 

Cope, Prof., on tho acceleration or 
retardation of the period of repro- 
duction, 139. 

Coral-islands, seeds di’ifted to, 306. 

reefs, indicating mo^ ements of 

earth, 306. 

Corn-crake, 134. 

Correlated variation in domestic pro- 
ductions, 8. 

Coryanthes, 144. 

Creation, single centres of, 300. 
Crinum, 222, 223. 

Croll, Mr., on subaeiial denudation, 
250, 262. 

, on the age of our oldest for- 
mations, 268- 

, on alternate Glacial periods in 

the North and South, 315. 

Crosses, reciprocal, 227. 

Crossing of domestic animals, im- 
portance in altering breeds, 14. 

, advantages of, 71- 

, unfavourable to selection, 74, 

75. 

Cruger, Dr., on Curj-anthes, 144. 
Crustacea of New Zealand, 317. 
Crustacean, blind, 102. 

air-breathers, 143. 

Crustaceans, their ehelm, 180. 
Cryptoceras, 215. 

Ctenomys, blind, 102. 

Cuckoo, instinct of, 191, 198.^ 
Cmmingham, Mr., on the flight of 
the logger-headed duck, 100. 
Currants, grafts of, 280. 
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Currents of sea, rate of, 305. 

Cuvier, on conditions of existence, 
191, 192. 

, on fossil monlceya, 26G. 

, Fred., on instinct, 191, 192. 

Cyclostoma, resisting salt water, 232. 


B. 

Dana, Prof., on blind, cave-animals, 
103. 

, on relations of crustaceans of 
Japan, 314. 

on crustaceans of New Zealand, 
317. 

Dawson, Dr., on eozoon, 269. 

De Candolle, Aug. Pyr., on struggle 
for existence, 45. 

, on nmbelliferas, 108. 

, on general affinities, 356. 

, Alph.,, on the variability of 

oaks, 37. 

, on low plants, widely dispersed, 

337. 

, on widely-ranging plants being 

variable, 40. 

, on naturalisation, 83. 

, on winged seeds, 109. 

, on Alpme species suddenly be- 
coming rare, 126. 

, on distribution of plants with 

large seeds, 306. 

, on vegetation of Australia, 
319, 320. 

on fresli-water plants, 324. 

, on insiilai’ plants, 326. 

Degradation of rocks, 249. 
Denudation, rate of, 250. 

of oldest rocks, 269. 

- of granitic areas, 257. 
Development of ancient forms, 288 
Devonian system, 287. 

Dianthns, fertility of crosses, 226, 
227. 

Dimorphism in plants, 33, 236. 

Bmt on feet of birds, 308. 

Dispersal, means of, 303. 

— during Glacial period, 310. 
Distribution, geographical, 296. 

— means of, 308. 

Disuse, effect of, under nature, 100. 
Divei^ence of character, 80. 
Diversification of means for same 
general purpose, 144. 

Division, physiological, of labour, 83, 


Dog, resemblance of jaw to that of 
the Thylacinus, 351. 

Dogs, hairless, with imperfect teeth, 9. 
descended from several vaM 

stocks, 14. 

, domestic instincts of, 196. 

, inherited civilisation of, 196. 

, fertility of breeds together, 

225, 

, of crosses, 239. 

, proportions of body in different 

breeds, when young, 368. 
Domestication, variation under, 5. 
Double flowers, 215. 

Downing, Mr,, on fruit-trees hi 
America, 61. 

Dragon-flies, intestines of, 137. 
Drift-timber, 306. 

Driver ant, 217. 

Drones killed by other bees, 1 53. 
Dnck, domestic, ■uings of, reduced, 8, 

, beak of, 171. 

, logger-headed, 130. 

Duckweed, 323. 
j Dugong, affinities of, 343. 
Dung-beetles with deficient tarsi, 101. 
Djidsous, 324. 

E. 

Earl, Mi. W., on the Malay Archi- 
pelago, 330. 

Ears, drooping, in domestic animals, 8. 

, rudimentary, 376. 

Earth, seeds in roots of trees, 306. 

charged with seeds, 308. 

Echinodermata, their pedicellaricc, 
178. 

Eciton, 215. 

Economy of organisation, 109, 
Edentata, teeth and hair, 107. 

, fossil species of, 392. 

Edwards, Maine, on physiological 
division of labour, 83. 

on gradations of structure, 146. 

, on ombryological characters, 

345, 

Eggs, young birds escaping from, 63. 
Egypt, productions of, not modified» 
157. 

Electric organs, 140, 

Elephant, rate of increase, 47. 

— — , of Glacial period, 105. 
Embryology, 363. 

Eozoon Canadense, 269. 

Ejostenoo, struggle for, 44. 
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'Existence, condition of, 156. 
Ex&ietioE, as bearing on natural 
selection, 90. 

of domestic varieties, 87. 

j^’ye, structure of, 135. 

-f — , correction ioi rdicrnitioa, 15‘J. 
reduced in moles, 102. 

r. 

Fabre, 11., on imneiioptera figliima’, 
64. 

, on parasitic splicx, 202. 

, on Sitaiis, 370, 371. 

]»'alcaner. Dr., on natarali^sation oi 
plants in India, 47. 

on elcpliiints and mastodons, 287. 

and Cautley, on mammals of 

snb-IIimalayan beds, 292. 

Falkland Islands, v^olf of, 829. 
Faults, 251. 

Faunas, marine, 298. 

I’ear, instinctive, in birds, 197. 

Feet of birds, young molluscs adlieriiig 
to, 324. 

Fertilisation variously efected, 144, 
151. 

Fertility of hybrids, 222. 

■ , from slight changes in con- 

ditions, 235- 

ot crossed varieties, 239. 

Fir-trees destroyed by cattle, 62. 

, pollen of, 163. 

Fish, dying, 131, 

, teleostean, sudden appearance 

of, 267. 

, eating .seeds, 307, 325. 

, fresh-water, distribution of, 

322, 323. 

Fishes, ganoid, now coniined to fresh 
water, 78- 

— — , electric organs of, 140. 

, ganoid, living in fresh water, 

278 . 

— , of southern hemisphere, 317. 
Flat-fish, their structure, 173, 
Flight, powers of, how acquired, 130, 
131. 

Flint-tools, proving antiquiiy of man, 
13. 

Flower, Prof., on the laxyms:, 178. 
— on Halitherium, 283. 

■ , on the resemblance between 

the jaws of the dog and Thyiaoinus, 


Flower, Prof., on the homology of the 
feet oi certain marsupials, 359. 
Flowers, stnioture of, in relation to 
crossing. OS, 

, of compofcitm and umbellitera*. 

108, 161. 

, beauty of, 15i. 

, double, 215. 

Flysch lormation, destitute oi organic 
remams, 254. 

Fuihes, lir. D., on glacial action in 
the Andes, 315. 

5 E., on eoloms of shells, 99. 

, on abmpt lange of shells in 

depth, 12G. 

, on poorness oi palteontological 

collections, 253. 

, on contmaons succession of 

genera, 274. 

, on continental extensions, 303, 

304. 

, on distribution during G-laeial 

period, 310. 

, on parallelism in time and 

space, 339- 

Forests, changes in, in America, 64. 
Formation, Devonian, 287. 

, Cambrian, 239. 

Formations, thickness of, in Britain, 
251. 

, intermittent, 2 GO. 

h'ormica, rufescens, 202. 

, sanguiiiea, 202. 

, flava, neuter of, 216. 

Forms, lowly organised, long en- 
during, 92,* 93. 

Prena, ovigerous, of cirripedes, 139. 
Fresh -water productions, dispersal of, 
322. 

Fries, on species in large genera being 
closely uIHed to other species, 42. 
Frigate-bud, 133. 

I'rogs on islands, 329. 

Fiuit-trecs, gradual improvement of, 
26. 

— in Dnited States, 61. 

, varieties of, acclimatised in 

IJnited States, 106. 

Puci, crossed, 228, 232. 

Fur, thicker in cold climates, 100. 
Furze, 366. 

a 

Galapagos Archipelago, birds of, 327^ 
productions of, 332, 333, 
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Galaxias, its wide range, 322. 
Galeopithecus, 130. 

Game, increase of, cliecked by venmn, 
61. 

Gartner, on sterility of hybrids, 220, 
221, 225. 

, on reciprocal crosses, 228. 

, on crossed maize and verbascnm, 

241. 

on comparison of hybrids and 

mongrels, 242, 243, 244. 

Gandry, Prof., on intermediate genera 
of fossil maninials in Attica, 283. 
Geese, fertility when crossed, 224. 

upland, 133. 

Geikie, Mr., on snhaerial denudation, 
250. 

Genealogy, important in classification, 
346. 

Generations, alternate, 363. 

Geoffroy St. Hilaire, on halancement, 
109. 

, on homologous organs, 359. 

, Isidore, on variability of repeated 
parts, 111. 

, on correlation, in monstrosities, 

8 . 

■ — , on correlation, 107. 

, on variable parts being often 

monstrous, 114. 

Geographical distribution, 296. 
Geo^phy, ancient, 401. 

Geology, inture progress of, 401. 

, imperfection of the record, 401. 

Gervais, Prof., on Typotherinm, 283. 
Giraffe, tail of, 147- 
— — , structure of, 165- 
Glacial period, 310. 

-, affecting the North and South, 

314. 

Glands, mammary, 176. 

Gmelin, on distribution, 310. 

Godwin- Austen, Mr., on the Malay 
Archipelago, 263. 

Goethe, on compensation of growth, 
109. 

GompHa, 163. 

Gooseberry, agafts of, 230. 

Gonld, Dr. Aug. A., on land-shells, 
331. 

— — , Mr., on eolonrs of birds, 99. 

• , on instincts of cuckoo, 200, 

■ , on distribution of genera of 

birds, 336. 

Gourds, crossed, 241. 

Grabs, on the Gris lacrifmas, 67# 


Grafting, capacity of, 229, 230, 
Granite, areas of denuded, 257. 
Grasses, varieties of, 82. 

Gray, Dr. Asa, on the variabilit}' of 
oaks, 37. 

• , on man not causing variabilitv, 

57. 

, on vsesea of the holly, 69. 

, on trees of the Gnited States, 

73- 

, on naturalised plants in the 

United States, 83. 

, on SBstivatioii, 163. 

• , on Alpine plants, 310. ^ 

, on raiity of intermediate va- 
rieties, 127. 

, Dr. J. E., on striped mule, 119. 

Grebe, 133. 

Grimm, on asexual reproduction, 363. 
Groups, aberrant, 355. 

Grouse, colouis of, 61. 

, red, a doubtful species, 35. 

Growth, compeiibation of, 109, 
Giinthcr, Dr., on flat-fish, 175. 

, on prehensile tails, 176. 

, on the fishes of Panama, 29S 

, on the range of fresh -water 

fishes, 322. 

, on the limbs of Lepido&ircn, 37*1 . 

H. 

Haast, Dr., on glaciers of New Zea- 
land, 315. 

Habit, effect of, under domestication, 

8 . 

, effect of, under nature, 101. 

, diversified, ofsamoRpecios, 131. 

Hackolj Prof., on claKsifieation and 
the lines of descent, 358. 

Hair and teeth, correlated, 107. 
Halitheriiira, 283. 

Harcourt, Mr. E. V., on the birds of 
Madeira, 327, 

Hartuug, M., on boulders in the 
Azores, 308. 

Hazel-nuts, 805. 

Hearne, on habits of bears, 132. 
Heatb, changes in vegetation, 62. 
Hector, Dr., on glaciers of Now Zea- 
land, 315. 

Heer, Oswald, on ancient cultivated 
plants, 13. 

, on plante of Madeira, 78. 
Helianthemum, 162. 

Helix pomatia, 331, 332, 
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Ilelrc pomatii:, resisting salt water, 
;]31, 332.^ 

Helmlioifcz, M., on tlie impeifectioii 
of ilio Ininian eye, 153. 
Ilolosciadiiim, 305. 

Heniioiiiis, striped, 121. 

Ilensen, Dr., on the eyes of Ceplia- 
lopods, 142. 

Herbert, "W., onstruc'gle for existence, 

40. 

, on sterility of liybnds, 222. 

Hermaphrodites crossmg, 70, 71. 
Heron eating seed, 325.^ 

Heron, Sir it., on peacocks, G5. 
lleiLsinger, on white animals poisoned 
by ceitain plants, 9. 

Hewitt, Mr., on sterility of first 
crosses, 233. 

Hildebrand, Prof. , on the seK-otorility 
of Corydalis, 223. 

Hilgendo'rf, on intermediate varieties, 
258. 

Himalaya, glaciers of, SH. 

, plants oi\ 317. 

Hippeastium, 223. 

Hippocampus, 177. 

Hofmeister, Prof., on the movements 
of plants, 184. 

Holly-treos, sexes ot, 68. 

Hooker, Dr., on trees of Hew Zea- 
land, 73. 

■ , on acclimatisation of Himalayan 

trees, 105. 

, on flowers of umbelliferm, 108. 

— , on the position of ovules, Iw,). 
, on glaciers of Himalaya, 314, 

315. 

— on algJB of Now Zealand, 317. 

, on vegetation at the base of 

the Himalaya, 318. 

, on plants of Tierra del Fuego, 

316. 

, on Australian plants, 317, 833. 

, on relations of fiora of America, 

319. 

, on flora of the Antarctic lands, 

320, 333. 

, on the plants of the Galapagos, 
328, 382. 

on glaciers of the Lebanon, 814. 
— , on man not causing variahility, 
57- 

. — on plants of mountains of 
Fernando Po, 316. 

Hooks on palms, 148. 

- — on seeds, on islands, 328. 


Hopkins, Mr., on denudation, 25 G 
Hombill, remarkable instinct of, 219. 
Horns, rudimentary, 376. 

Horse, fossil, in La Plata, 276. 

, proportions of, when young , 

3GS. 


Horses destroyed by flies in ParagiMv, 
52. 

, striped, 119. 

Horticnlturists, selection applied bv, 
22 . 

Huber, on cells of bees, 209. 

, P., on reason blended with 

instinct, 191. 

, on habitual nature of insimet-s, 

* 192. 

, on slave-making- ants, 202. 

, on Meiipona dome«tica, 206. 

Hudson, Mr., on the Ground -IrTood- 
pecker of La Plata, 132. 

, on the Molothius, 200, 201. 

Humble-bees, cells of, 206. 

Hunter, J., on secondary sexual 
characters, 111. 

Hutton, Captain, on crossed geeoc, 
224. 

Huxley, Prof., on structure of hei- 
maplirodites, 74. 

, on the affinities of the Sirenia, 

283, 284. 

, on forms connecting birds and 

replUes, 284. 

, on homologous organs, 362, 

, on the development of aphis, 

366. 

Hybrids and mongrels compared, 242. 

Hybddism, 219. 

Hydra, structure of, 137. 

Hymenoptera, fighting, 64.^ 

Hymenopterous insect, diving, 133. 

Hyoscris, 162. 


I. 


Ibla, no. 

Iceberg transporting seeds, 308- 

■ Increase, rate of, 46. 

Individnais, numbers favourable to 
selection, 74. 

— — , many, whether simultaneously 
created, 302. 

Inheritance, laws of, 10. 

, at corresponding ages, 10, 62. 

Insects, colour of, nttw for their 
stations, 61. 

— — , sea-side, colours of, 99. 
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Insects, blind, in ca^’cs, 102, 103. 

, luminous, 141. 

, tbeir resemblance to certain 

objects, 169. 

, neuter, 215. 

liistinci, 191. 

, not vanung simultaneously with 

structure, 214. 

Instincts, domestic, 195. 
Intercrossing, advantages of, 71, 235. 
Islands, oceanic, 326. 

Isolation favourable to selection, 76. 

J. 

Japan, productions of, 314. 

Java, plants of, 317. 
vtones, Mr. J. M., on tbe birds of 
Bermuda, 337. 

.Tonrdain, M., on the e 3 -e-spots of 
stai-iisbes, 135. 

Jukes, Prof., on subaerial denuda- 
tion, 250. 

Jussieu, on classification, 345. 

K. 

Kentneky, caves of, 103. 
Kerguelcn-land, flora of, 320, 333. 
Kidney-bean, acclimatisation of , 106. 
Kidneys of birds, 107. 

Kirby, on tarsi deficient in beetles, 

101 . 

Knight, Andrew, on cause of varia- 
tion, o. 

Kolreuter, on Intercrossing, 70. 

, on the barberry, 72. 

, on sterility of hybrids, 220, 

221 . 

, on reciprocal crosses, 227. 

, on crossed vaneties of nico- 

tiana, 241. 

— — , on crossing male and lierma- 
pbroclite flowers, 373. 

I. 

Lamarck, on adaptive characters, 
350. 

Xiancelet, 92. 

, eyes of, 136. 

Lancloia, on the development of the 
wings of insects, 139. 

Land-shells, distribntion of, 231. 

■ , of Madeira, naturalised, 335 

j resisting salt water, 331, 332. 


Languages, clar-sification of, S4H. 
Lankester, Mr. B. Eay, on Lougc« 

vity, 157. 

, on homologies, 362. 

Lapse, great, of time, 219. 

Lana?, 364, 365. 

Lain cl, nectar secreted by flic lean. ^ 

67. 

Laurentian formation, 2G9. 

Laws of variation, 9S. 

Leech, varieties of, 55. 

Leguminosm, nectar .ccreicd iiy 
glands, 67. 

Leibnitz’ attack on Newton, 396. 
Lepidosiren, 78, 284. 

■ , Hmbs in a nascent condition, 

374. 

Lewes, Mr. G. H., on species noi, 
baling changed in Egypt, 157. 
, on the Salaniandra atia, 373. 

■ , on many forms of life haiing 

been at flist evolved, 399. 

Life, struggle for, 40. 

Lingula, Sdurian, 268. 

Linumus, aphorism of, 342. 

Lion, mane of, 64. 

young of, siiiped, 304. 

Loheha fulgen^^, 53, 72. 

, stcniity of crosses, 223. 

Lockwood, Mr., on the ova of the 
Hippocampus, 177. 

Locusts transporting seeds, 307. 
Logan, Sir W., on Laurentian tor- 
mation, 269. 

Lowe, liov. E T., on locusts visiting 
Madeira, 307. 

Lowness of stnieturo connected with 
variability, 110. 

, related to wide distribution, 337. 

Lnbbock, Sir J., on the nerves of 
coccus, 32. 

, on secondary sexual characters, 

116. 

, on a diving hynienopterous 

insect, 133. ^ 

, on affinities, 262. 

, on metamorphoses, 363, 364. 

Lucas, Dr. P., on inheritance, 9. 

, on rGsemblanco of child in 

parent, 245. 

Lund and Clausen, on fossils of 
Brazil, 291. 

Lyell, Six C., on the struggle for 
exiateneo, 4,4 

, on modern changes of 

earth, 70. 
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1 ^ i-ujici .tiLi a rum. ill 

'p(>t liTti'iK been deveioped on 

isiiinds, lOu. 

, «a a carboniferous land-plieil, 

‘Joi. 

nn sirabi beneatli Isilunan 

-<VS’'2hl, iluOt 

— oil tlio iiiiporicction o£ Ibe geo- 
I'.g'iMi locoid, 271. 

„_™„, o’l fjG appeal ance of bpecics, 
271. 

. — , on linraiide’s colonies, 273. 

on iciliary foimations of 
l’>j*o]jo and Noiili America, 279. 

— — , fill paralleiism of tertiary for- 
luptioiw, 2S2. 

, on irniispoit. of seeds by :oc- 

Lorgs, 308. 

, on 2 ;rcafe alterations of climate, 

321. 

, on the dlsiribtition of fresh- 

watoi sliella, 321 

, on laud-aliellfl of Ifafloira, 335. 

Lydi and Dawson, on fossilized trees 
ill Xov.a Seotia, 200. 

Lythruin salicaria, trimorpliic, 238, 

m, 

Jlacleay, on aaalu;i’icdl characters, 
350. 

IMacranclieuia, 283. 

IkDDoimoll, Dr., ou electric organa, 

110. 

Madeira, plants of, 78. 

, beote of, wingless, 101. 

, fossil land-shells of, 292. 

, birds of, 327. 

M.igpie tame in Norway, 195- 
IVlaics figlitiug, 01. 

Miiize, CToased, 211. 

Malay Archipelago compared with 
Rnrope, 2G3. 

maniinalfl of, 330. 
on Hat- fish, 174. 

A'falpighiacom, small, imperfect flow’ers 
of, 'lOl, 

, 

'Afannme, their deTelopnient, 176. 

, rmlimcnitiry, 372. 

MarnmalH, fossil, in secondary forma- 
tion, 200. 

, insular, 329. 

Man, origin of, 402. 

l^fauateo, nidimontery nails of, 376. 

Marsupials of Australia, 84. 


Jiarsnnuds, sfrnctuie of ilieir feet, 

35S‘ 359. 

, foi'.il Rpeeies of, 291. 

l^laitens, M , ospenineiit on seeds, 
304. 

Maiiiii, Mr. ‘W. C., on striDocI mulo, 

121 . 

Masters, Dr., on Saponaria, 103, 
Mattoucci, on the electiic organ*^ 
larR, 140. 

Matthiola, rcdprocul crObScs of, 22S. 
Mamandia, ISi. 

Means oi dispersal, 303. 

Melipona doincstica, 20G._ 

Meridl, Dr., on the American cuch<>o. 
I9S. 

Meramoipiiisin of oldest ruelis, 209. 
Mice destiojing bees, 53. 

, acclimatibution of, 105. 

, tads of, 170. 

lililler, Prof., on the cells of beer, 
207, 210. 

MirabiHs, crosses of, 227. 

Missel -thrush, 55. 

Mistletoe, comjjlex relations of, 2. 
MiTart, Mr., ou the relation of I'lir 
and teeth, 107. 

, on the eyes of cephaiopuds, 

142. 

, various objections to Natural 

Selection, 104. 

, on abiupt modifications, 187, 

188. 

, on the resemblance of the 

mouse and aiitechinns, 350. 
Mocking-thrush of the Galapagos, 
S3o. 

Modification of species not abrupt, 
398. 

Moles, blind, 102. 

Molothrus, habits of, 200. 

Mongrels, fertility and sterility of, 
239. 

and hybrids compared, 242. 

Monkeys, fossil, 260. 

Monachanthus, 349. 

Mons, Yan, ou the origin of fruit- 
trees, 20. 

Monstrosities, 31. 

Moquin-Taudon, ou sea-side plants, 
99. 

Morphology, 358. 

Morren, on the leaves of Oxalis, 13:* 
Moths, hybrid, 224. 

Mozart, musical powers of, 192. 
Mud, seeds in, 324. 
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Mules, striped, 121. 

Miiller, Adolf, on the instincts of the 
cuckoo, 198. 

Muller. Dr. Ferdinand, on Alpine 
Australian plants, 317. 

Miiller, Fritz, on dimorphic crus- 
taceans, 33, 217. 

— , on the lancelct, 93. 

, on air-breathing crustaceans, 

142. 

, on climbing plants, 184. 

, on the seH-sterility of orchids, 

223. 

, on embryology in relation to 

classification, 345. 

, on the metamorphoses of crus- 
taceans, 366, 371. 

, on terrestrial and frcsh-Trater 

organisms not undergoing any 
metamorphosis, 370. 

Multiplication of species not indefi- 
nite, 95. 

Murchison, Sir E., on the forma- 
tions of Eussia, 254. 

, on azoic formations, 269. 

* , on extinction, 275. 

Murie, Dr., on the modification of 
the skull in old age, 139. 

Murray, Mr. A., on cave -insects, 
104. 

Mustek vision, 129. 

Myantlius, 349. 

Myrmecoeystus, 21 o. 

Myrmiea, eyes of, 217. 

N. 

NageK, on morphological characters, 
159. 

Nails, rudimentary, 376. 

Nathusius, Von, on pigs, 149. 

Natural historj", future progress of, 
400. 

selection, 57. 

system, 342, 

Naturalisation of forms distinct from 
the indigenous species, 83. 

Naturalisation in New Zealand, 152. 

Naudin, on analogous variations in 
gourds, 117. 

, on hybrid gourds, 241. 

, on reversion, 243. 

Nautilus, Silurian, 268. 

Nectar of plants, 67, 68. 

Nectaries, how formed, 68. 

Nelumbiiun luteum, 325. 


Nests, variations in, 194, 213, 219. 
Neuter insects, 215. 216. 

Newman, Col., on hnmble-hers, 
New Zealand, productions of. nn« 
perfect, 152. 

, naturalised products of, 29U, 

, fossil birds of, 292- 

, glacieis of, 815. 

^ crustaceans of, 317. 

, algre of, 317- 

, number of ]>lants of, 326. 

* flora oi, 33(5. 

Newton, Sir 1., attacked for in^'- 
ligion, 396, 

, Prof., on earth attached ia 

a partridge’s foot, 308. 

Nicotiana, crossed varieties of, 242. 

, certain species very sterile, 227. 

Nitsche, Dr., on the Polyzoa, ISO. 
Noble, Mr., on feiiility of Ehodo- 
dendron, 223. 

Nodules, phosphatic, in azoic rock^, 
269. 

0 . 

Oaks, variabilit}’- of, 37 
Onites apellcs, 101. 

Ononis, small imperfect flowcr» of, 

161. 

Orchids, fertilisation of, 144, 145. 

, the development of thtir 

flowers, 182. 

, forms of, 349. 

Orchis, pollen of, 141. 

Organisation, tendency to advance, 
91. 

Organs of extreme perfection, 134. 

, electric, of fishes, 140. 

of little importance, 146 

, homologous, 359. 

, rudiments of, and nuseont, 

372. 

Omithorhjiiehus, 78, 344. 

, mammm of, 177. 

Ostrich not capable of flight, 168. 

, habit of laying eggs togotlicr, 

201 . 

, American, two species of, 298. 

Otter, hah'k off how accpiired, 129. 
Ouzel, water, 133. 

Owen, Prof., on birds not fljing, 100. 

, on vegetative repetition, 110, 

, on variability of unusually 

developed parts, 111. 

— , on the eyes of fishes, 136, 
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Owen, Prof., on fho swim -bladder of 
fishes, 138, 

• , on fossil horse of La Plata, 

376. 


, on generalized form, 233 

, on relation of niniinunts and 

pacliydcni'is, 283, 

- — , on fossil birds of Now Zea- 
land, 291. 

", on succession of types, 202. 

, on atfinitiea of the dugong, 

343. 


, on homologous organs, 3o9. 

, on the metamorphosis of co- 

phalopods, 306. 


P. 

Pacific Ocean, faunas of, 298. 

Pacini, on electric orgams, 141- 
Paley, on no organ formed to give 

S iin, 152- 

as, on the fertility of the domes- 
ticated descendants of wild stocks, 
225. 

Palm with hooks, 148. 

Papaver bracteatum, 162- 
Paragnay, cattle destroyed by flies, 52. 
Parasites, 200, 201. 

Partridge, witli ball of earth attached 
to foot, 308- 

Parfci greatly developed, variable, 

111 . 

PariLs major, 132. 

Passiflora, 223. 

Peaches in United States, 02. 

Pear, grafts of, 230. 

Pedicellarioe, 179. 

Pelargonium, flowers of, 108. 

, sterflity of, 223. 

Pelvis of women, 107. 

Peloria, 108. 

Period, Glacial, 310. 

Petrels, habits of, 133. 

Phasianua, fertility of hybrids, 224. 
Pheasant, young, wild, 197. 

Pictet, Prol, on groups of species 
suddenly appearing, 264. 

, on rate of organic cliange, 272, 

273. 

, on conrinuous succession of 
genera, 274. 

— " — , on change in latest tertiary 
forms, 261. 

— — , on close alliance of fossils in 
consecutive formations^ 288, 


Pictet, Pi of., on early transitional 
links, 265. 

Pierce, Sir., on varieties of wolves, 66, 
Pigeons with feathered feet and skin 
between toss, 9. 

, breeds described, and origin of, 

14. 

, breeds of, how produced, 23, 

27, 28. 

, tumbler, not being able to get 

out of egg, 63. 

, revei'feig to blue colour, 118. 

, instinct of tumbling, 106. 

, young of, 308. 

Pigs, black, not affected by the 
paint-root, 9. 

, modified by want of exercise, 

149. 

Pistil, rudimentary, 373. 

Plants, poisonous, not affecting cei- 
tain coloured animals, 9. 

, selection applied to, 25. 

, gradual improvement of, 25, 20. 

, not improved in barbarous 

countries, 26. 

, dimorphic, 33, 23C. 

, destroyed by insects, 49, 

, in mdst of range, have io 
straggle with other plants, 56. 

, nectar of, 67, 68. 

, fleshy, on sea-shores, 99. 

, climbing, 138, 183. 

, fresh-water, distribution of, 

324. 

— , low in scale, widely distri- 
buted, 337. 

Pleuroneetidm, their structure, 174. 
Plumage, laws of change in sexes of 
birds, 65. 

Plums in the United States, 61. 
Pointer dog, origin of, 24. 

, habits of, 196. 

Poison not affecting certain coloured 
animals, 9. 

— — , similar effect of, on animals 
and plants, 399. 

Pollen of fir-trees, 153. 

transported by various means, 

144, 145, 161. 

PoUinia, their development, 182. 
Polyzoa, their avicularia, 181. 

Poole, Col., on striped hemionus, 
121. 

Potamogeton, 325. 

Pouehet, on the colours of 
175, 
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Prest-wich, Mr., on EngliBli and 
French eocene formations, 282. 
Proctotrupes, 133. 

Proteolepas, 110 
Protens, 104. 

Psychology, fntnrc progress of, 402. 
Prygoma, "found in the chalk, 2G7. 

Q. 

Unagga, striped, 121. 

Qaatrefages, ]\f., on hybrid moths, 
224. 

Quercns, Tariability of, 37. 

Quince, grafts of, 230. 

R. 

Rahhite, disposition of young, lOG. 
Pi,aces, domestic, characters of, 13. 
Race-horseo, Arab, 24. 

— , English, 303. 

Eadcliffe, Dr., the electrical organs 
of the toi-pedo, 140. 

Ramond, on plants of Pyrenees, 311. 
Ramsay, Prof., on snbaerial denu- 
dation, 250. 

— — , on thickness of the British 
formations, 251, 252. 

on faults, 251. 

, Mr., on instincts of cuckoo, 

199. 

Ratio of increase, 46. 

Rats supplanting each other, 55. 

, acclimatisation of, 105. 

, blind, in care, 102. 

Battle-snake, 152. 

Reason and instinct, 191. 
Recapitulation, general, 379. 
Reciprocity of crosses, 227. 

Record, geological, imperfect, 247. 
Rengger, on flies destroying cattle, 52. 
Reproduction, rate of, 47. 
Resemblance, protective, of insects, 
169. 

to parents in mongrels and 

hybrids, 243, 244. 

Reversion, law of inheritance, 10. 

, in pigeons, to bine colour, 118. 

Rhododendron, sterility of, 223, 224. 
Richard, Prof-, on iispicarpa, 344, 
345. 

Richardson, Sir J,, on structure of 
squirrels, 129, 130. 

— , on fishes of the southern hemi- 
^here, 317. 


Rohima, grafts of, 230. 

Rodents, blind, 102. 

Rogers, Prof., Map of N. Ameriesj, 

257. 

Rudimentary organs, 373 
Rudiments important for elassifica-. 
tion, 344. 

Riitimeycr, on Indian cattle, 13, 225. 


S, 

Salamandra atra, 373. 

8aUva used in nests, 213. 

Salvin, Mr., on the beaks of ducks, 
172. 

Sageret, on grafts, 2S0. 

Salmons, males fighting, and hooked 
jaws of, 6i. 

Salt v/atei\ how far injurious to seeds, 
304, 305. 

not desti’uctivo to land-shells, 

331, 332. 

Salter, Mr., on early death of hybrid 
embryos, 233. 

Sanrophagus sulplniratus, 132. 
Schaeht, Prof., on Phyllotaxy, ICl. 
Schiodte, on blind insects, 103. 

, on flat-fkh, 174. 

Schlegel, on snakes, 107. 

SchbSl, Dr., on the cars of mice, 
IGO. 

Scott, J., Mr., on the solf-aterility 
of orchids, 223. 

■ , on the crossing of varieties of 

verbascuiu, 241, 242. 

Sea-water, how fur injurious to seeds, 

304, 305. 

not destructive to land-shells, 

331, 332. 

Sebright, Sir J,, on crossed animals, 

14. ^ 

Sedgwick, Prof,, on groups of spe- 
cies suddenly appearing, 264. 
Seedlings destroyed by insects, 49. 
Seeds, nntrimeni in, 56, 

, winged, 109. 

, moans of dissemination, 144, 

151, 30G, 307. 

, power of resisting salt water, 

305, 

■ , in crops and intestines of birds, 

306, 307. 

- — , eaten by flsh, 807, 325. 

, in mud, 324. 

hooked, on islands, 328« 
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Selection of domestic products, 20, 
21. 

, principle not of recent origin, 

23. 

, iineoiiscioiis, 23. 

, natural, o7. 

, sexual, Gtl. 

, objections to term, 68. 

natural, has not induced storl- 

lity, 231._ 

Sexes, relations of, Gl. 

Sexual char.acters -variable, 116. 

selection, 64. 

Sheep, llerino, Ihofr selection, 21. 

, two sub -breeds, unmt8ution» 

ally prodiF'ed, 2'i, 26. 

, mouuteiii vaiieties of, 55. 

Shells, coloiu-s of, 09. 

, hinges of, 141. 

5 littoral, seldom embedded, 253. 
fresh -water, long retain the 
same forms, 289. 

— , dispersal of, 323. 

, of [Madeira, 327. 

, land, distiibution of, 327. 

, , resisting salt water, 331, 

332. 

Shrew-mouse, 350. 

Silene, infertility of crosses, 227. 
Silliman, Prof., on blind rat, 102. 
Sirenia, their affinities, 283. 

Sitaris, metamorphosis of, 371. 

Skulls of young mararaals, 148, 360. 
Slave-making instinct, 202. 

Smith, Col.'’ Hamilton, on striped 
horses, 120. 

, Mr. Fred., on slave-making 

ants, 202. 

, on noiiter ants, 216. 

Smitt, Dr., on the Poiyzoa, 180. 
Snake with tooth for entting through 
egg-shell, 200. 

Somerville, Lord, on selection of 
sheep, 21. 

Sorbus, grafts of, 230. 

Sorex, 350. 

Spaniel, King Charles’s breed, 24. 
Specialisation of organs, 91. 

Species, polymorpliic, 32. 

, dominant, 40. 

— — , common, variable, 39. 

- — in large genera variable, 41. 

— , groups of, suddenly appearing, 
264, 268. 

— - beneath Silurian formations, 
269. 


Species successively appearing, 272. 

changing simultaaQousIy 

tliioughout the world, 279. 
Speacci, Lord, on increase in size o£ 
cattle, 24. 

, Herbert, Mr., on the first stciw 

in diftereatiutiou, 93. 

, on the tendency to an eqiiili- 

h?rium. in all forces, 236. 

Sphex, parasitic, 202. 

Spiders, development of, 366. 

Sports in plants, 7. 

Sprengel, C. C., on crossing, 70. 

, on ray-iloicts, 108. 

Squalodon, 283. 

Squirrels, gradations in siructure, 

129, 130. 

Staffordshire, heath, changes in. 61. 
Stag-beetles, fighting, 64. 

Star-fishes, eyes of, 135. 

, their pedicollarim, 179. 

Sterility from changed conditions of 
life, 7. 

— of hybrids, 220. 

, laws of, 225. 

, causes of, 231. 

, from unfavourable conditions , 

234. 

not induced through natural 

selection, 231. 

St. Helena, productions of, 326. 

Su Hilaire, Aug., on variability or 
certain plants, 162, 163. 

, on classification, 345. 

St. John, Mr., on habits of cats, 
195. 

Sting of bee, 163. 

Stocks, aboriginal, of domestic ani- 
mals, 13, 14. 

Strata, thickness of, in Britain, 261. 
Stripes on horses, 120, 121. 

Structure, degrees of utility of, 149. 
Struggle for existence, 44. 

Succession, geological, 272. 

of typos in same areas, 291. 

Swallow, one species supplanting 
another, 55. 

Swaysland, Mr., on earth adhering 
to the feet of migratory birds, 

308. 

Swifts, nests of, 213. 

Swim-bladder, 138. 

Switzerland, lake-habitations of, 12# 

13. 

System, natural, 342. 
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^ T. 

Tail of girafie, 147. 

of aqiiatxo animals, 147. 

, prehensile, 176. 

— — , rudimentary, 376, 

Tanais, dimorphic, 33. 

Tarsi, deficient, 101 

Tansch, Dr., on umbelliferoe, 162. 

Teeth and hair correlated, 107. 

, rudimentary, embryonic calf, 

373, 395. 

Tegetmeier, Mr., on cells of bees, 
207, 211. 

Temminck, on distribution aiding 
classification, 346. 

Tendrils, their development, 183. 
Thompson, Sir W., on the age oi the 
habitable world, 2G8. 

■ , on the consolidation of the 

crust of the earth, 384. 

Thouin, on grafts, 230. 

Thrush, aquatic species of, 133. 

, mockiug, of the Galapagos, 

335. 

, young of, spotted, 3G4. 

, nest of, 219. 

Thuret, M., on crossed fuci, 228. 
Thwaites, Mr., on acclimatisation, 
105. 

Thylacinus, 351, 

Tierra del Fuego, dogs of, 197. 

, plants of, 321. 

Timber, drift, 306. 

Time, laj)se of, 249. 

— by itself not causing modifica- 
tion, 75. 

Titmonse, 132. 

Toads on islands, 329, 

Tobacco, crossed varieties of, 242, 
Tomes, Mr., on the distribution of 
bails, 330. 

Transitions in varieties rare, 125. 
Traquair, Br., on fiat-fish, 17d. 
Trautschold, on intermediate varie- 
ties, 258. 

Trees on islands belong to peculiar 
orders, 328. 

with separated sexes, 73. 

TrifoHum pretense, 53, 69. 

- incarnatum, 69. 

Trigonia, 278. 

Trilobites, 268. 

— , sudden extinction of, 278. 
Trimen, Mr., on imh®tmg-ins6^ 


TTimorpltism in plants, 33, 23G, 
Troglodytes, 219. 

Tuco-tuco, blind, 102. 
Tumbler-pigeons, habits of, hcred- 
tary, 196. 

Tumbler, young of, 368. 
Turkey-co'ek, tuft of hair on broa'd,^ 
65. 

, naked skin on head, 14S. 

, young of, instinctively wild, 

197. 

Turmpand cabbage, analogous varia- 
tions of, 117. 

Type, unity of, 156, 

Types, succession of, in same areas, 
291. 

Typotherium, 283. 

V, 

TJdders enlarged by use, 8- 

, rudimentary, 373. 

TJlex, young leaves of, 304. 
Umbeliiferm, fioi.cis ami seufj .ot', 
108. 

, outer and inner lloK'tr of, U5l, 

Unity of type, 150. 

Uria lacrymaus, 07. 

Use, eficcts of, under domfisticuiion, 

8 . 

, effects of, in a shito (d intture, 

100 . 

Utility, how far imp<<riant in tlm 
utmstruction of eacli jrart, 1 19, 

V. 

Valenciennes, on fresh -water Mi, 
323. 

Variability of mongrels and hybriils, 
242. 

Variation utuhT domestication, 5. 

• caused by reproductive aystmi 

being aiFccted by cuiiditionH oi ilftj, 

6, 7. 

— - under nature, 30. 

, lawH of, 98. 

, correlated, 8, IOC, 149. 

Variations appear at forrwponding 
ages, 10, 62. 

analogous in distinct spcicfs, 

116. 

Varieties, natural, 80, 

, struggle between, 55, 
domestic, extinctioia of, 80, 
— , transitional, rarity of, 125.. 
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Varieties, mIilu crosscJ, feiiiio, 23?. 

, — — , sterile, 241. 

5 elafi.iiiicatioii of, 34S 

Verbascum, stexihty of, 223. 

, lanetios of ciossed, 241, 212, 

Verlot, 'i\L, on double stocks, 215. 

^ eriieuil, M. do, on the suooessiou of 
species, 280. 

■\ ibnicula of the Polyzoa, 181. 

Wola, small imperfecf. dowoi's of, 
IGl. ^ 

, tricolor, 53. 

"'I'lndiow, oil the structure of the 
erystallino lens, 130. 

Virginia, pigs of, 61. 

Volcanic islands, denudation of, 251, 
YiiHairo, naked skin on head, l-^S. 


W. 

TVadiug-birds, 324. 

Waj,^nGr, Dr., on Oecidomyia, 303. 

Wng’ner, Moritz, on tho imporiance 
of isolation, 70. 

Wallace, Mr., on origin of species, 1. 

, on the limit of variation under 

domestication, 29. 

, on dimorphic lepicloptera, 33, 

217. 

, on races in the Malay Archi- 
pelago, 34, 35. 

, on the iiriprovemont of the 

eye, 136. 

— k, on the ivalking-siick insect, 

170 . 

, on laws of geographical dis- 
tribution, 302. 

, on the Malay Archipelago, 

330. 

on mimetic animals, 354. 

Walrii, Mr. B. I)., on phytophagic 
forms, 3G. 

, on equal variability, 117. 

AVater, fresh, prodnetious of, 322. 

Water-hen, 133, 

Waterhouse, Mr., on Australian 
marsupials, 84. 

on greatly developed parts 
being variable, 111. 

on the cells of bees, 205. 

— on general affinities, 355. 

Water-onzel, 133, 

‘Watson, Mr. H. C., on range of 
variettes of British plants, 34, 43.. 
on acclimatisation, 105. 


AVatson, Mr. K. C., on flora of 
Azores, 308. 

, on Alpine plants, 311. 

, on ranty of intermediate va- 

riefieb, 127. 

, on com ergence, 9i. 

— on the iiidefiniio multiplica- 
tion of species, 94. 

Weule, Air., on locusts transportirg 
seeds, 307- 

Web of feet in tvaior-birds, 134. 
Wtismann, Prof,, on the causes of 
variability, 5. 

, on ni’dinientary organs, 375. 

AVest Indian Islands, mammals of. 
^330. 

AA^ostwood, on species in large genera 
being closely allied to others, 42. 

, on the tarsi of Engidm, 115. 

, on the antenna; of liiTUPno- 

ptcroua imsects, 340. 

Whales, 170. 

Wlieat, varieties of, 82. 

White Afoimtains, flora of, 310. 
AVhitaker, Mr., on lines of escarp- 
ment, 250, 

Wichura, Mas, on hybrids, 233, 284, 
243. 

Wings, reduction of size, 101, 

of insects homologoiLS vritli 

branchifp, 138. 

, rudimentary, in insects, 372. 

AVolt crossed with dog, 196. 

of Falkland Isles, 329. 

Wollaston, Mr., on varieties of in- 
sects, 35. 

, on fossil varieties of shells in 

Aladeira, 39. 

, on colours of insects on sea- 

.shore, 99. 

, on wingless beetles, 101, 102. 

, on rarity of intemediate va- 
rieties, 127. 

, on insular insects, 326. 

, on land-shells of Madeira 

naturahsed, 335. 

Wolves, varieties of, 66. 

Woodcock with earth attached to 
leg, 308. 

Woodpecker, habits of, 132. 

, green colour of, 148. 

Woodward, Mr., on the duration of 
specific forms, 258. 

, on Pyrgoma, 267. 

•, on the continuous succession of 

genera, 274. 
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■Woodward, Mr., on tlie succession of 

Wor!d^’ species changing simulinnc- 
ously throughout, 279. 

'Wrens, nest of, 219. 

Wright, Mr. Chauncey, on the 
giraffe, 166. 

on abrupt modifications, 190. ^ 

Wyman, Prof., on correlation oi 
colour and effects of poison, 9. 

^ on the cells of the hee, 20 { . 


Y. 

Touatt, Mr., on aclpctiou, 21. ^ 

on suh-hreeiis of aln-q*), 1'4. 

.j on ludiinciitaiy born*? iu yotoig 

cattle, 

Z. 

Zantlioxylon, 162. 

Zebra, stripes on, 119. 

Zeuglodon,* 
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